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Abstract 
 Gravure is losing package printing market share to Flexo in North 
America. Closing the cost gap between flexo and gravure is a prerequisite to 
regaining market share. This could be accomplished by adopting new cylinder 
technologies that reduce the cost of cylinder preparation and the size of cylinder 
inventories. This study examined one such technology, RotoHybrid Cylinders. 
RotoHybrid is new to the gravure industry and has just entered beta testing. 
Gravure printers would like to understand how RotoHybrid and Conventional 
Chrome cylinders compare in term of ability to print images. This research 
assessed image quality differences between conventional Chrome cylinders and 
two types of RotoHybrid cylinders (HCR Type 1 and HCR Type 2) when cylinders 
are new. For this research, image quality was assessed on the basis of density, 
dot quality, ability to print fine lines, and ability to print small text. 
  Two trials were run. The first trial used Chrome and HCR Type 1 
cylinders (electromechanically engraved copper on a steel base protected by a 
Hybrid Chrome Replacement coating). The second trial used Chrome and HCR 
Type 2 cylinders (electromechanically engraved copper on a resizable polymer 
layer protected by a Hybrid Chrome Replacement coating).  
 Both trials demonstrated that RotoHybrid cylinders outperform 
conventional Chrome cylinders in terms of density and dot quality. Overall, 
 xiii 
RotoHybrid cylinders demonstrated equal ability to print fine line and small text. 
Based on these results, RotoHybrid cylinders could create an opportunity for 
gravure printers to regain market share in package printing. 
 
 
 
 
 1 
Chapter 1 : 
Introduction 
 The Gravure industry in North America has been declining and losing 
market share to Flexo in package printing for several decades (Gravure & Its 
Markets, 2018). It is understood from Karl Bardin’s statement (Kozak, 2004), a 
significant factor affecting this decline is the cost difference between preparing 
and engraving cylinders versus making and mounting flexo plates. Today, 
leading flexo printers prepare and mount flexo plates in their printing plants 
where cost is reduced by using shared resources. In contrast, gravure cylinder 
preparation and engraving is commonly outsourced to a third-party supplier. 
Hence, gravure has to bear the added burden of the supplier’s infrastructure 
cost, transport cost, and profit margin (Luman, 2017; Ellis, 2017). A second 
significant cost difference is the number of cylinders required to support a 
gravure press. Gravure presses require larger cylinder inventories than flexo 
presses due to lack of printer control over cylinder reuse decisions and different 
business rules governing repeat lengths. Professor Robert Eller in his research 
says that the ability to overcome these issues is a prerequisite to closing the cost 
gap between flexo and gravure. This can be accomplished by adopting new 
technologies and new business practices (Eller, 2016; Spaulding, 2017; 
Spaulding, 2018). 
 2 
Background 
 Closing the cost gap between flexo and gravure depends on (1) adopting 
in-plant cylinder production and (2) lowering the number of cylinders in the 
inventory. This section describes the limitations of current technology chrome 
coated gravure cylinders in terms of regulation, cylinder repurposing and 
inventory.  
 Current technology gravure cylinders have two layers of metal on a steel 
base: soft engravable copper and hard protective chrome. The protective 
functionality of chrome is required to achieve an economically acceptable print 
life and high-quality reproduction of images (Gravure Association of America, & 
Gravure Education Foundation, 2003, pp. 204-205). However, the chrome bath 
used in electroplating is toxic and environmentally hazardous to earth soil, air 
and water (Health Effects Notebook for Hazardous Air Pollutants, 2017; National 
Institute for Occupational Safety and Health, 1975; Chromic Acid, n.d.). The 
chrome electroplating process is not banned by the government, but it is heavily 
regulated (Environmental Protection Agency, 2012; Chromium Electroplating: 
National Emission Standards for Hazardous Air Pollutants, 2016; United States 
Department of Labor, n.d.). Printers are reluctant to accept this regulatory burden 
because it makes it difficult to run their plants efficiently. This regulatory burden is 
heavy enough to convince most printers not to bring current technology cylinder 
preparation and engraving in-house (Friedman, 1998). Eliminating the need for 
chrome in gravure cylinder preparation requires new technology. Such 
 3 
technology would reduce the burden of environmental regulation and clears the 
path for printers to bring the cylinder production into the plant.  
Currently, the cylinder inventory required to support a flexo press is 
smaller and less costly than the inventory require to support a gravure press. The 
underlying reason for this difference is that flexo is a nimble printing technology, 
while gravure is ponderous. Flexo’s advantage begins with the fact that plates 
are inexpensive, have relatively short lives, and can be remade quickly in the 
printer’s plant. As a result, brand owners accept the printer’s right to discard and 
remake plates or to save and reuse them. Since printers control the reuse 
decision, they can operate with low plate and cylinder inventories. Gravure 
cylinders, on the other hand, are expensive, have long lives, and are generally 
made by a third party engraver. Third party engraving makes it impractical to 
quickly replace gravure cylinders. As a result, brand owners feel that they must 
control the reuse decision to ensure service and minimize cost. Since brand 
owners control the reuse decision, large inventories of slow moving gravure 
cylinders are required to support a gravure press. By exploiting new technology 
cylinders, gravure can close this gap. Eliminating chrome enables in-plant 
cylinder production while resizability allows one base to support a wide variety of 
package sizes. With these changes, the gravure printer would gain control of the 
cylinder reuse decision and be positioned to greatly reduce gravure cylinder 
inventories. 
 
 4 
Statement of the Problem 
 Reigniting the growth of gravure requires eliminating the need for chrome 
and implementing resizable cylinders. In the past, the gravure industry has 
explored and experimented with different technologies for accomplishing these 
objectives. Today, resizable, chromeless gravure cylinders are being developed 
and need to be tested for image quality. This research will fill the need for 
quantitative image quality data by (1) selecting test targets appropriate to the 
present research, (2) collaborating with RotoHybrid (a research company 
developing new gravure cylinder technology) to print these targets using 
conventional and RotoHybrid cylinders, and finally, (3) analyzing the printed 
targets to generate quantitative image quality metrics. 
 
Reason for Interest 
 In Asia, the researcher’s home region, gravure is widely used for package 
printing. Of all package printing technologies, the gravure printing process 
produces the highest quality image. The researcher would like to engage in work 
that benefits gravure in the Asian market and helps restore its competitiveness in 
United States. In addition, the researcher believes that research related to new 
technology gravure will open opportunities for him in India and across the world. 
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Chapter 2 : 
Theoretical Basis 
 In the present research, printed ink density is used to measure cylinder 
resistance to wear. Printed ink density varies based on the amount of pigment 
present in a printed patch. For a given tone value, the amount of pigment in a 
printed patch depends on the concentration of pigment in the ink and the 
thickness of the printed ink film. As gravure cylinders wear, density decreases 
because cell volume decreases, which, in turn, reduces the thickness of the ink 
film. Thus, printed ink density is a sensitive indicator of cylinder wear. 
 Density is controlled by measuring the reflection density of a print sample. 
Reflection density is the ratio light reflected by the ink and substrate in relation to 
light emitted by the illuminant. The instruments used to measure reflection 
density are called reflection densitometers and spectrodensitometers. 
Measurement of reflection density is the topic of interest. 
 Reflectance is computed using the equation R = Ir/Io, where Ir is the 
intensity of the reflected light, Io is the intensity of the light source, and R is 
reflectance. The formula for calculating reflection density is given by Equation 1 
(ASTM International, 2013, paragraph 3; Brehm,1992). 
 
Equation 1. Density  
 6 
D = Log10 !	1R	#= − Log10(R).          																					                                     	              (1) 
where D is density and R is reflectance. 
In addition to depending on the amount of ink pigment, the intensity of light 
reflected from a printed sample is also influenced by substrate density. For 
precise density measurement of ink alone, the density of the substrate has to be 
subtracted from the combined density of the ink and paper. This can be 
accomplished by calculating relative density as shown in Equation 2 (Williams, 
2007). 
Equation 2. Relative Density Equation 
Drel  = 		Di+p (abs) - Dp (abs)                                                                                      (2) 
where 
Drel =Relative Density 
Di+p (abs) = Absolute density of ink and paper (after calibrating the densitometer 
using the manufacturer’s reference ceramic tile, but without ‘zeroing’ the 
densitometer to the substrate). 
Dp (abs) = Absolute density of paper (after calibrating the densitometer to the 
manufacturer’s reference white ceramic tile, but without ‘zeroing’ the 
densitometer to the substrate). 
 Two types of the measurement instruments are used to measure reflection 
density, densitometers and spectrodensitometers. 
 Densitometers typically consist of a light source of known intensity, lenses 
(optics), physical filters, a silicon diode for measuring light intensity, and 
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electronics for computing density. Traditionally, densitometers calculate density 
by measuring reflectance values using colored filters. The presence of physical 
filters is the distinguishing characteristic of densitometers. For measuring the 
reflection density of a black patch (which absorbs nearly all wavelengths of light), 
a white light source and a visual filter (which passes all wavelengths of light) is 
perfectly acceptable. However, the density of a process color pigment is based 
on the intensity of the complement of the pigment’s color. Thus, a densitometer’s 
physical filters are chosen to correspond to the complements of the process 
colors being measured. In a densitometer, red, green, and blue filters are used to 
measure cyan, magenta, and yellow pigments respectively.  
 For example, to measure the density of a magenta patch, a green filter is 
placed in front of a nearly white illuminant. Since a perfect magenta pigment 
absorbs 100% of the green light illuminating it, the intensity of reflected green 
light measures how well a magenta is doing its job (i.e. the density of a printed 
magenta sample increases as the intensity of reflected green light decreases). 
Thus, the density of a magenta patch is calculated by measuring the intensity of 
the illuminant through the green filter, measuring the intensity of the reflected 
green light, calculating reflectance, and using Equation 1 to calculate density. 
 There are two accepted standards for the red, green and blue filters used 
in a densitometer, Status T (primarily used in the US) and Status E (primarily 
used in Europe). The bandwidths of red and green Status T filters are the same 
as their Status E counterparts. However, the bandwidth of the blue Status T filter 
 8 
is wider than the corresponding Status E filter. As a result, when yellow ink is 
measured using a wide band Status T filter the density is lower than the density 
of the same ink measured using a narrow band Status E filter (Ploumidis, 2008). 
Spectrodensitometers are spectrophotometers which are capable of calculating 
ink density. These devices typically consist of a light source of known intensity, 
lenses (optics), a mechanism for separating light into its constituent wavelengths, 
silicon diodes for measuring intensity, and electronics for computing density (as 
well as a wide variety of other color metrics). The red, green and blue filters used 
in a densitometer are not present in a spectrodensitometer. Instead, 
spectrodensitometers capture spectral data and apply mathematical filters which 
emulate the behavior of the red, green, blue and visual filters found in a 
densitometer. Figure 1 shows the linear spectral product of these filters plotted 
versus wavelength in nanometers. Spectrodensitometers typically include 
mathematical filters corresponding to both Status T and Status E physical filters. 
Status T filters will be used for measuring density in this research. 
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Figure 1. Linear spectral product of Status T and Status E mathematical filters 
plotted on the wavelength scale in nanometers. Adopted from ASTM 
International. (2013). ASTM D7305-08a(2013) Standard Test Method for 
Reflection Density of Printed Matter. Retrieved from 
https://doi.org/10.1520/D7305-08AR13 
 
 
The starting point for calculating density using a spectrodensitometer, is 
spectral reflectance data. A patch (cyan, magenta, yellow or black) is illuminated 
with a nearly white light and reflectance values (Rλ) are captured in narrow 
bandwidth steps across the visible spectrum. In many devices, each step 
represents a 10-nanometer band between 380 to 720 nanometers. Next, the 
mathematical filter corresponding to the color being measured is applied. A 
mathematical filter is simply a table showing the fraction light passed by the filter 
at each bandwidth step. To calculate density, Io is calculated by summing the 
filter value (wλ) from 380 to 720 nanometers. Ir is calculated multiplying the 
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spectral value at each step by the filter value at the same step, then summing 
these products from 380 to 720 nanometers. The common log of lr divided by lo is 
the reflectance density. Equation 3 shows this calculation in mathematical form 
(Williams, 2007).   
  Equation 3. Reflection Density Calculation form Spectral Data 
 ' Rλ  × wλ720λ=380  
D	=						 − 	log10  _______________  .					     			 																																				     					               (3) 
 ' wλ720λ=380  
 
where D = Reflection Density 
 Rλ = Measured reflection value by bandwidth step 
wλ = Filter weighting values by bandwidth step for a Status T or Status E 
filter. Weighting values correspond to the fraction of white light absorbed 
by a physical status E or status T filter. 
 
 Standards define an absolute scale to measure parameters and variables 
(Saaty, 1993). The measured values from an absolute scale are called absolute 
measurements. The mathematical filters and calibration tiles used in density 
measuring devices adhere to an absolute standard of scale defined by ISO. 
Multiple density measuring devices adhering to ISO, can achieve consistent and 
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repeatable densities. This allows meaningful comparison of results measured 
using multiple instruments. 
While density measurements allow the researcher to identify differences, 
they do not allow the researcher to understand the underlying causes. 
Understanding the reason for density differences requires visual examination and 
measurement of the dots in a step wedge. To meet this need, the researcher 
employed a BetaFlex3Pro. The BetaFlex3Pro is a device for analyzing printed dot 
structure and lines. It uses a high-resolution digital camera to capture magnified 
pictures of the dots and lines in the print sample. The dots and lines in the picture 
are analyzed pixel by pixel and metrics are calculated using software algorithms. 
Unlike densitometers, the BetaFlex’s, digital camera, software algorithms, and 
equations used to analyze dot structure are not defined by ISO standards. 
Hence, measurements taken from two different BetaFlex instruments could vary 
considerably. When there is no standard of scale defined to measure and 
calibrate, comparisons must be made based on relative measurements (Saaty, 
1993). In this research a single BetaFlex3Pro instrument is used to measure the 
dot size, dot area, and edge factors of dots in samples printed using conventional 
chrome cylinders and new technology gravure cylinders. As a result, the relative 
measurements can be compared to draw conclusions. Similarly, fine lines and 
small text are measured using a BetaFlex3Pro instrument. 
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Chapter 3 : 
Review of the Literature 
 The proposed research compares the RotoHybrid, an emerging 
technology for fabricating gravure cylinders, to conventional gravure technology 
in terms of print quality. Conventional gravure cylinder technology consisting of a 
steel base, an engraved copper layer, and a chrome protective layer is widely 
practiced and well understood (Gravure Association of America, & Gravure 
Education Foundation, 2003). RotoHybrid technology, on the other hand, has just 
entered beta testing at a small number of printers. The first section of this chapter 
describes RotoHybrid technology using recently released information. The 
second section of this chapter identifies the image quality characteristics selected 
for investigation based on differences between conventional and RotoHybrid 
technology. The section concludes with a review and discussion of selected 
image quality targets and metrics from the literature. The image quality targets 
and metrics chosen for discussion are those that are most relevant to the present 
research. 
 
RotoHybrid Technology 
 RotoHybrid technology was developed to eliminate chrome plating, make 
cylinders resizable, and, finally, to match or exceed the print quality of current 
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technology gravure cylinders. Gravure cylinders made using the RotoHybrid 
process consist of a steel base, an engravable polymer layer, engraving, and a 
Hybrid Chrome Replacement (HCR) coating (RotoHybrid Process® 2017 review, 
n.d.). Engravable polymer technology was developed by RotoHybrid to fulfill two 
roles: 1) resizability – the polymer layer can be turned to a required 
circumference using a lathe or similar tool, 2) engravability – the polymer is hard 
enough to hold an engraving (preferentially applied using laser engraving 
technology). Hybrid Chrome Replacement (HCR) technology was developed by 
RotoHybrid to replace chrome plating. A typical gravure cylinder fabricated using 
the RotoHybrid process is shown in Figure 2. 
 
 
Figure 2. Gravure cylinder fabricated using RotoHybrid technology.The figure on 
the left shows the integral shaft steel base (a), and engravable polymer layer (b). 
The figure on the right shows a finished cylinder with engraving protected by an 
HCR coating. (Keating, 2018) 
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 The sections below provide detailed descriptions of engravable polymer 
and Hybrid Chrome Replacement technologies. 
 
Polymer Technology Related to Re-sizing 
 
 RotoHybrid describes an engravable polymer that can be re-sized on site 
by a printer/engraver. RotoHybrid’s engineered polymer currently allows a 15 mm 
thick layer to be built-up resulting in the ability to vary cylinder circumference by 
up to 94 mm. In the future, it is anticipated that layer thickness will be increased 
to 25 mm allowing up to 157 mm variation in circumference/repeat length (Hybrid 
Gravure Cylinders – Size Variability with Set Up Times to Rival Flexo, 2014). 
Resizable, engravable polymer can applied to existing gravure printing cylinders 
or newly commissioned lightweight (<25 kg) cylinders (Hybrid Cylinders Set for 
Launch in Q3 2015, 2015). Redundant conventional gravure cylinders can be re-
purposed and returned to usable inventory by adding a variable buildup polymer 
layer (Hybrid Cylinders and Re-purposing Redundant Gravure Cylinders, 2015). 
These re-purposed cylinders can reduce the need to purchase new gravure 
bases resulting in cylinder base cost savings of 50% to 90% (Hybrid Cylinders 
and Re-purposing Redundant Gravure Cylinders, 2015). This capability also 
eliminates the need to purchase new gravure cylinder bases when size changes 
(Hybrid Cylinders at GAA Technical Forum, Charlotte North Carolina, 2015).  
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Polymer Technology Related to Engraving 
 In gravure, tonal control (density range from light to shadow by 
transferring of more or less ink to a substrate) is achieved by altering the area of 
the engraving or the depth of the engraving. This capability gives superior tonal 
variation control compared to raised surface printing where only the area can be 
varied to achieve the tonal variations (Gravure Association of America, & 
Gravure Education Foundation, 2003). An engravable polymer must have the 
properties necessary to be engraved to the cell width (area) and cell depth 
required to achieve color control in print. In conventional gravure, engravable 
copper has the properties required for engraving. Other desirable properties 
include wear resistance to the doctor blade and printed substrate, solvent 
resistance so it is chemically unaffected by ink or ink solvent, and dimensional 
stability, so it can withstand high pressure from the impression cylinder during 
printing process (U.S. Patent No. 4,388,865, 1983). The use of a protective 
coating such as HCR reduces the need for inherent wear and solvent resistance. 
 Alternative materials for engraving. In patent literature three polymers 
have demonstrated an ability to meet these requirements: 1) Polyurethane, 2) 
Epoxy coatings, and 3) Polyacetal copolymers. Polyurethane (PU) is a versatile 
material that has properties such as durability and resistance to mold and 
mildew. By controlling the properties of Polyurethane resins (PURs), they can be 
made hard and brittle or soft and flexible which makes them suitable for use as a 
resizable layer on gravure cylinders (U.S. Patent No. 20040113310, 2004). 
 16 
Epoxy coatings have also been proposed in British Patent Specification No. 
1544748. In British Patent Specification No. 2034636. Polyacetal copolymer in 
sheet form has been engraved by an ion, electron, or laser beam to form a sharp 
engraved image area. The engraved sheet is then applied to a cylinder. British 
Patent Specification No. 2071574 has specifications for forming the print surface 
of a gravure cylinder by spraying a powdered epoxy coating composition that 
contains little or no filler on the cylinder. Detailed information about the 
composition of the powder epoxy can be found in the U.S. Patent No. 4,528,909. 
These epoxy coatings can be engraved using a laser or other form of an high 
energy beam. Unfortunately, the resulting cells were found to have slightly 
sloping or irregular sides resulting in the lack of clarity on the print (U.S. Patent 
No. 4,528,909, 1985). 
 Materials suitable for laser engraving. Because RotoHybrid states that 
their polymer material is preferentially laser engraved, the researcher further 
examined the literature to see if any of these materials have been tested for 
compatibility with laser engraving. For laser engraving, suitable materials include 
polymeric compositions of epoxy resin or polyacetal which are described in 
British patent applications Nos. 7,931,053; 8,105,436 and 8,105,437 (U.S. Patent 
No. 4,395,946, 1983). Polyurethane engravings have been made using a CO2 
laser system that gives high level of precision engraving (Laser cutting of 
polyurethane, n.d.). From the literature just discussed, it is clear that a variety of 
polymers exhibiting the properties required for engraving exist. Thus, although 
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RotoHybrid does not disclose the nature of its polymer, its claim to have 
developed such a polymer is credible. 
 
RotoHybrid’s Hybrid Chrome Replacement (HCR) technology 
The following sections describe the fundamental concepts of HCR 
technology, its properties, coating process, and prior use. 
 Overview of HCR technology. The Hybrid Chrome Replacement (HCR) 
coating process has its foundation in Diamond-Like Carbon (DLC) formed from a 
material containing carbon atoms as a major constituent and a trace amount of 
hydrogen atoms (RotoHybrid Coatings, n.d; Hybrid-Cylinders, 2017, para. 5; U.S. 
Patent No. 8,691,386, 2014). In nature, carbon can occur in amorphous 
(shapeless) form which has the properties of a non-crystalline solid. In this form, 
it can bind with various metals and other elements like silicon (van der Kolk, 
2008). Figure 3 shows a schematic of a carbon atom. 
 
 
Figure 3. Schematic diagram of carbon atom. The carbon atom has six protons 
and six neutrons in the nucleus surrounded by six electrons, two in the inner shell 
and four in the outer shell. Adapted from “What is carbon? Atoms – Chemistry” 
by Carr, K. (2017, June 01). Study Guides. Retrieved March 17, 2018, from 
https://quatr.us/chemistry/carbon-atoms-chemistry.htm 
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 The carbon atom consists of a nucleus containing of six protons and six 
neutrons surrounded by electrons which reside in two shells, two in the inner 
shell and four in the outer shell, occupying space around the nucleus (Carr, 
2017). Carbon atoms are tetravalent, that is, their valence is four. This means 
that carbon has four electrons in its outer shell and needs four more electrons (a 
total of eight) to fill it. Carbon atoms bond with electrons in the outer shells of up 
to four adjacent carbon atoms. The bond formed to fill the outer shell of electrons 
is known as a covalent bond. Each carbon-carbon (C-C) covalent bond has bond 
length of 1.54 Å and bond energy of 85 kcal per mole (356 kJ per mol). Because 
this energy is high, relatively high energy is needed to break covalent bonds 
(Berg, Tymoczko, & Stryer, 2002). 
 The bonding arrangement of carbon atoms can result in a regular grid-like 
arrangement called a crystalline structure otherwise known as a lattice. Carbon is 
an allotrope, an element that exists in two or more different physical forms 
differing in crystalline structure. Because of their different structure, allotropic 
forms have different physical and chemical properties such as hardness, 
elasticity, and density (GCSE Bitesize: Diamond, n.d.). Diamond and graphite are 
examples of allotropes of carbon found in nature. Other types of carbon 
allotropes are fullerenes, nanotubes, graphene, glassy carbon and amorphous 
carbon (Vetter, 2014; Hirsch, 2010).  
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 The HCR coating structure is an intermediate between pure graphite and 
pure diamond. Graphite has a giant lattice structure where the carbon atoms are 
covalently bonded in a two-dimensional plane as shown in Figure 4. 
 
Figure 4. Schematic diagram of the crystal lattice of a graphite. The crystal lattice 
of graphite is made of carbon atoms covalently bonded in a two-dimensional 
plane. The covalent bonds are shown as solid lines. Layers of covalently bonded 
carbon atoms are weakly bonded to one another. The weak bonds are shown as 
dotted lines. Adapted from “General Information About DLC” by Engemann, J 
(June, 2010). DLC (Diamond-Like Carbon). Retrieved March 17, 2018, from 
http://www.plascotec.de/downloads/DLC_Info.pdf  
 
 The crystal lattice structure of graphite consists of three atoms arranged 
around each carbon atom to form hexagonal atomic layers with high internal 
strength due to small atomic distance. A great deal of energy is needed to 
separate the carbon atoms in a layer because the covalent bonds are strong 
(Berg, Tymoczko, & Stryer, 2002). There are seven electrons in the outer shell of 
each atom. Since the outer shells are not full, graphite is electrically conductive. 
In graphite the layers of covalently bonded carbon atoms are weakly bonded to 
one another. Because the distance between layers is relatively large, the layers 
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are easily shifted with respect to one another under the influence of external 
forces. The bonds in the crystal lattice structure of graphite exhibit sp2 
hybridization. When sp2 hybrid bonds are formed between carbon atoms, the 
ideal bond angle is 120 degrees.  
 Like graphite, diamond has a giant lattice structure where each of the 
carbon atoms is bonded with four adjacent carbon atoms in a three-dimensional 
configuration as shown in Figure 5. 
 
Figure 5. Schematic diagram of the crystal lattice of a diamond. The crystal 
lattice of diamond is made of carbon atoms covalently bonded to four adjacent 
atoms to form a tetrahedral structure in a three-dimensional space. The covalent 
bonds are shown as solid lines. Adapted from “General Information About DLC” 
by Engemann, J (June, 2010). DLC (Diamond-Like Carbon). Retrieved March 17, 
2018, from http://www.plascotec.de/downloads/DLC_Info.pdf 
 
 The four adjacent atoms form a tetrahedral structure. This means that 
each carbon atom is covalently bonded to four other carbon atoms and the outer 
shell of electrons is full. Since there are no free electrons in the outer shell, 
carbon in diamond form does not conduct electricity. A great deal of energy is 
needed to separate the strong covalent bonds in the diamond lattice (Berg, 
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Tymoczko, & Stryer, 2002), and the distance between atoms is relatively small, 
thus making it difficult to shift the position of atoms in the lattice. This results in 
the high strength and extreme hardness of the diamond. Atomic bonds in the 
lattice structure of diamond are characterized by sp3 hybridization. When carbon 
bonds exhibit sp3 hybridization they form tetrahedral geometry with an ideal bond 
angle of 109.5 degrees. The 100% sp3 carbon bond hybridization in the diamond 
lattice leads to a structure that has extremely high hardness, excellent thermal 
conductivity, high electrical resistivity and chemical inertness, optical 
transparency, and low wear rate in high friction systems. Graphite’s sp2 
hybridization leads to low electrical resistivity, low friction (it acts as a lubricant), 
and high wear rate (Vetter, 2014). 
 Diamond-Like Carbon (DLC) technology. The family of amorphous films 
made from carbon and hydrogen atoms with varying ratios of sp2 and sp3 bonds 
is called diamond-like carbon or DLC (Love, Cook, Harvey, Dearnley & Wood, 
2013). Figure 6 is a schematic showing the location of DLC with respect to the 
universe of compounds formed from sp2 bonded carbon, sp3 bonded carbon, and 
hydrogen. As shown in this figure, DLC combines the properties of graphite and 
diamond. DLC films made with a high concentration of sp2 bonded carbon atoms 
behave more like graphite during tribological (friction) tests. DLC films made with 
high concentrations of sp3 bonded carbon atoms behave are more like diamond, 
are super hard, and perform impressively in tribological environments (Erdemir & 
Donnet, 2006). 
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Figure 6. Schematic diagram showing the range of compounds formed from 
carbon and hydrogen. The vertices represent pure sp2 bonded carbon (graphite), 
pure sp3 bonded carbon (diamond), hydrogen (H). The edge connecting the sp3 
and sp2 vertices represents carbon compounds having a mixture of sp3 and sp2 
bonds. The area marked a-C is pure amorphous carbon, and the area marked ta-
C is pure tetrahedrally coordinated amorphous carbon. The ellipse in the center 
of the triangle shows hydrogen/amorphous carbon compounds. The dark circle 
on the ellipse is the Diamond-Like Carbon (DLC) region containing compounds 
doped with trace amounts of hydrogen “H”. Adapted from “General Information 
About DLC” by Engemann, J (June, 2010). DLC (Diamond-Like Carbon). 
Retrieved March 17, 2018, from 
http://www.plascotec.de/downloads/DLC_Info.pdf 
 HCR coatings in the RotoHybrid process. HCR, based on DLC technology 
(RotoHybrid Coatings, n.d.) combines the characteristics of diamond and 
graphite to give it distinct properties. HCR is extremely hard at 3000-3500HV. 
HCR coating is an amorphous, stable carbon coating that does not react with 
acids or alkalines and is highly resistant to oxidation and corrosion. HCR is bio-
compatible. Thus, it is not toxic, injurious, or physiologically reactive. 
 Applying HCR using Plasma Enhanced Chemical Vapor Deposition. 
RotoHybrid does not provide details of the process used to apply the HCR 
coating. However, it does show photographs of its current and planned HCR 
chamber (Engelmann, 2018). While a variety of methods have been used to 
apply DLC coatings, prior research indicates that Plasma Enhanced Chemical 
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Vapor Deposition (PECVD) is commonly used (Vetter, 2014; Singh & Jatti, 2015). 
Since RotoHybrid’s photos are consistent with the use of a PECVD chamber, the 
researcher will focus on this method of application. PECVD is one of the type of 
chemical vapor deposition (CVD). CVD process involves deposition of solid 
phase material from a gaseous phase by means of a chemical reaction between 
volatile precursor vapors and the surface of the object to be coated. In 
conventional CVD, the chemical reaction is triggered by heating the material to 
be coated to a temperature of 400-12000C (Makhlouf, Tiginyanu & Knovel, 2011). 
The resulting deposition of solid phase material is a uniform thin film of coating 
on the surface of the object. In the PECVD process, the energy required for the 
chemical reaction comes from plasma rather than from temperature. The object 
to be coated is kept at low temperature in a vacuum chamber with a typical 
pressure of a few millitorr, although higher pressures are used in some 
applications. Gases are introduced into the chamber and a source that emits 
high-frequency electromagnetic waves called Radio Frequency (RF) generator is 
used to partially ionize these gases, thus creating a plasma. Chemical reactions 
occur in the plasma between the ionized gases and surface of the object 
resulting in a uniform thin film of coating bonded to the surface of the object 
(Solis, Zhao, Wang, Verduzco, Bueno, & Neville, 2016; Wisborg, 2014). 
Deposition of DLC coating at low temperature makes PECVD process suitable 
for coating on polymer objects. Cross section of a typical PECVD system is 
shown in Figure 7. At the 2018 Gravure Global Summit, RotoHybrid announced 
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that it planned to introduce an application chamber with the capability to HCR 
coat six cylinders in 120 minutes (20 minutes per cylinder average) (Engelmann, 
2018). 
 
Figure 7. Schematic diagram of a typical PECVD system. Adopted from PECVD 
system. (n.d.). Retrieved from 
https://www.brunel.ac.uk/research/Institutes/Institute-of-Materials-and-
Manufacturing/Materials-Characterisation-and-Processing/ETC/Material-
Processing-and-Development/PECVD-system  
 Prior use of DLC coatings in gravure. Diamond-Like Carbon (DLC) is 
currently used on copper plated gravure cylinders, for example, by Think 
Laboratory in Japan (DLC Coating 20 Cylinders Simultaneously, 2013; A 
Chrome-free DLC Coated Cylinders, 2013). The copper plated cylinders are 
plasma coated with DLC in a vacuum chamber. It was found that the DLC coated 
copper cylinders have a hardness of 2000 to 2500 HV. Because the thickness of 
the DLC layer is 1 micron, 33% higher cell volume can be achieved when 
compared to a conventional gravure cylinder with a chrome layer of 6–8 microns 
(Wessendorf, 2005).  
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RotoHybrid’s technology could lead to image quality differences. The 
following section discusses potential differences, identifies image attributes 
related to these differences, and investigates test targets for assessing these 
image attributes. 
 
Image Quality Analysis 
 An image can contain elements such as text, continuous-tone images, 
halftone images, outlines and diagrams in the form of line art, solid areas, grey 
areas, and tone areas. Image quality is the perceived or measured quality of an 
image and its elements in terms of conformance to specifications, excellence in 
the reproduction of image and its aesthetic related to beauty, proportion, balance 
(Garvin, 1984; Field,1999). A wide variety of standard test images (natural and 
synthetic) and image quality metrics (e.g. tone reproduction, smoothness, edge 
sharpness, and raggedness) have been developed. Image elements are 
evaluated subjectively/qualitatively through visual assessment and 
objectively/quantitatively though instrument analysis (Altona Test Suite, 2018; 
Fogra Image Quality Test Suite, n.d.; ISO, 1997; Mohamad, Sigg, Summerville, & 
Dutta, 2002; Pedersen & Hardeberg, 2009). However, some are more relevant to 
the present research than others. This section is organized into two parts. The 
first part identifies specific characteristics of RotoHybrid cylinder technology that 
could lead to potential print quality differences between RotoHybrid and 
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conventional cylinders. The second examines the literature to identify test 
procedures appropriate to measuring and analyzing these differences. 
 
Characteristics of RotoHybrid Cylinders Potentially Affecting Image Quality 
 Gravure printed images on a substrate consist of tiny dots produced by ink 
carrying cells of varying depth and width engraved in the surface of a cylinder 
(Gravure Association of America & Gravure Education Foundation, 2003). In this 
section, the researcher will identify the characteristics of RotoHybrid technology 
that could affect how the cells on the cylinder transfer ink to the substrate. The 
researcher then discusses potential differences between RotoHybrid and 
Conventional gravure cylinders in the areas of: (1) changes in cell volume, (2) 
doctor blade settings, and (3) the need to lubricate the doctor blade contact area. 
 Image quality characteristics associated with changes in cell volume. In 
conventional gravure, the chrome surface wears over time. As the chrome wears, 
the depth and print area of the cell are both reduced. This decrease reduces the 
volume of ink transferred to the substrate and results in reduced print density, 
especially visible in solid areas, making the printed image appear weak. When 
the density is unacceptable, the press operator increases the ink strength to 
compensate for the decrease in the volume of ink transferred. Addition of 
pigment concentrate to achieve the required printed ink density is done by trial 
and error. This causes variation in printed ink density and image quality. This 
compensation process is repeated as the chrome continues to wear throughout 
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the run. When the cell depth and size decrease to a point where it is no longer 
possible to achieve acceptable density, the chrome layer is removed 
(dechromed) and the cylinder is re-chromed to restore the original cell depth. An 
additional problem created by chrome wear is that it compromises reproduction 
of fine lines and highlight tones. Fine lines and highlights are engraved as the 
smallest and shallowest cells in gravure. These tiny cells are among the first to 
show the effects of chrome wear, and can become so small that they no longer 
print. Thus, in conventional gravure, the smallest dot is the size of a three 
percent tone cell. These cells are large enough to print throughout the run but 
limit minimum line width and highlight density. Finally, in addition to 
compromising image quality, chrome wear results in increased downtime and 
additional costs. Preliminary testing of HCR coated cylinders shows that they 
wear very slowly. As a result, HCR could eliminate the need to adjust ink strength 
and/or dechrome and rechrome cylinders due to cylinder wear (Keating, M. 
personal communication, April 18, 2018). 
 Image quality associated with changes in doctor blade settings. 
Conventional gravure cylinders are highly sensitive to doctor blade angle (the 
contact angle between the blade and the surface of the cylinder) (Gravure 
Association of America & Gravure Education Foundation, 2003). Chrome’s high 
coefficient of friction and reluctance to release ink from the cells results in the 
doctor blade dragging ink out of the cells if it wipes them at an excessively acute 
angle. Preliminary testing of HCR coated gravure cylinders indicates that a wide 
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range of doctor blade angles produce nearly identical printed dots. While the 
cause of this phenomenon is not completely understood, it is known that the 
HCR surface has an extremely low coefficient of friction and releases ink much 
more readily than chrome. This could lead to increased consistency during and 
across print runs (Keating, M. personal communication, April 18, 2018).  
 Image quality associated with the need to lubricate the doctor blade 
contact area. Chrome is a high friction surface and a doctor blade wiping this 
surface, therefore, needs lubrication in the doctor blade contact area. In order to 
lubricate this area, chrome electroplating conditions are adjusted to create a 
surface finish with micro-cracks allowing tiny amounts of wet ink to reduce friction 
in the contact area. The ink in these cracks has to be dry before it touches the 
surface of the substrate, or it will create printing defects such as haze. These 
cracks have a volume that is very similar to the volume of one percent of dot cell. 
Thus, press room conditions that dry ink in the micro-cracks will also dry ink in 
the one percent cells. This means it is not possible to print one percent dots and 
lubricate the doctor blade contact at the same time. This is a second reason that 
the smallest cell on a conventional gravure cylinder prints a three percent dot 
(Keating, M. personal communication, April 18, 2018). HCR’s surface tribology 
(friction and lubrication properties) greatly reduces friction in the contact area and 
eliminates the need to lubricate cylinder surface/doctor blade interface. Thus, 
with HCR coated cylinders, it is possible to adjust the press drying temperatures 
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so one percent dots stay wet. This enables the reproduction of fine lines and 
smooth tones that fade to white. 
 
Image Quality Tests Used In This Research 
 Image quality analysis has a long history in graphic arts and many of tests 
have been developed. (Altona Test Suite, 2018; Fogra Image Quality Test Suite, 
n.d.; ISO, 1997; Mohamad, Sigg, Summerville, & Dutta, 2002; Pedersen & 
Hardeberg, 2009). However, the present research needs to focus on tests that 
show differences in image quality when comparing prints produced using 
RotoHybrid cylinders with prints produced using conventional gravure cylinders. 
This section summarizes the results of searching the literature to identify test 
elements appropriate to evaluating: 1) image quality differences associated with 
a change in cell volume, 2) image quality differences associated with a change 
doctor blade settings, and 3) image quality differences associated with smallest 
printable dots. In addition, general image quality will be assessed to ensure 
RotoHybrid cylinders print acceptably in performance areas where the researcher 
does not expect to find differences. 
 Test targets used for assessing image quality difference associated with 
changes in cell volume. Differences associated with a change in cell volume 
affect the printability and consistency of tones and fine lines. The relevant target 
for measuring tone value reproduction is a step wedge with highlight tones 
ranging from 1 to 10 percent, shadow tones of 90 and 95 percent, and a 100 
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percent patch. Step wedges are commonly used to control print quality. A typical 
wedge is described in Figure 8 describes the step wedge used in the AA profile 
target, which was provided by RotoHybrid. This target has all required tone 
values with the exception of a one percent tone. To overcome this limitation, in 
future layouts a tone wedge which includes a one percent value will be used. 
Figure 9 describes the proposed step wedge. 
 
Figure 8. Tone step wedge. Step wedge consisting of highlight tones (2% to 
20%), mid-tones (25% to 75%), shadow tones (80% to 95%), and a 100% solid 
tone. Adopted from the AA Profile Target supplied by RotoHybrid Ltd. 
 
 
Figure 9. Proposed tone step wedge. The tone step wedge consists of highlight 
tones which include a one percent tone (1% to 20%), mid-tones (30% to 70%), 
shadow tones (80% to 95%), and 100% solid tone. Adopted from Esko Color 
Engine Pilot 14 - User Guide (n.d.) Proofing a Gradation Chart, Retrieved from 
https://docs.esko.com/docs/en-us/colorenginepilot/14/userguide/home.html?q= 
en-us/common/cep/topic/to_kalie5232.html  
 
 Print density and dot structure will be used to assess the quality of printed 
step wedges. Measured densities will be used to assess chrome and HCR wear 
over the course of the run. Dot analysis will evaluate highlight (1 to 10 percent) 
and midtone (30 to 40 percent) dots for print defects such as white holes, 
boundary roughness, dot size, rivering, blotchiness, and streaking (Brown, 
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Jackson, Parkin, & Bamforth, 2004). Spectral density measurements and dot 
quality analysis are discussed in Chapter 2, Theoretical Basis. 
 The relevant targets for measuring fine line printability and consistency are 
a Flexographic Image Reproduction Specifications and Tolerances (FIRST) Line 
Width target and a guilloche. The FIRST Line width target is used to assess the 
minimum line thickness that can be consistently printed (FIRST 6.0., 2017). For 
this analysis, the line width target should include lines as fine as 0.125 point. 
FIRST Line Width target from the FIRST 6.0 specification consists of lines 
ranging from 4 points (1408 microns) to 1/4 point (88 microns) in thickness 
printed in both positive and reverse type. This target has all required line 
thickness values with the exception of a 0.125 point line. To overcome this 
limitation, the FIRST target will be modified to include a 0.125 point line as shown 
in Figure 10. 
 
Figure 10. Proposed line width target. The target consists of lines ranging from 4 
points (1408 microns) to 1/4 point (88 microns) in thickness. In addition, it 
includes a 1/8 (0.125) point (44 micron) line. Lines are printed in positive and 
reverse type. Adapted from FIRST 6.0 
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Positive fine lines will be evaluated to see if they print clearly or show an 
increase in line width. Negative lines will be assessed to see if they tend to fill in 
and become plugged. Reverse fine lines are more vulnerable to loss of legibility. 
 
 
Figure 11. Line Width target rotated at 80 and 900 to measure sharpness and 
raggedness of edges. Adopted from Fogra Image Quality Test Suite. (n.d.). 
Retrieved from https://www.fogra.org/en/fogra-standardization/digital-printing-2-
48/testforms/test-form  
 
Clarity of detail and edge definition of an image defines sharpness (Caviedes & 
Oberti, 2004). Kraushaar (2015) states that edge sharpness is the inverse of 
blurriness. He also states that sharpness is a function of the average profile 
transition width in a direction perpendicular to the edge and the edge raggedness 
is a function of average edge profile variation (50%) in the direction parallel to the 
edge using the rotated squares with 8 degrees (Kraushaar, 2015). In order to 
measure sharpness and raggedness, the Line Width target is rotated at 900 and 
80 as shown in Figure 11. 
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 An additional target for measuring the printability and consistency of fine 
lines is a guilloche pattern. The guilloche patterns consist of two or more fine 
lines that are curved and interlace to form a wavy design. Commonly used types 
of guilloche designs include 1) radiating concentric guilloche patterns such as 
rosettes and star bursts, and 2) linear guilloche patterns, such as rippling waves 
and zigzags (Misiorowski, 2001).  
 
Figure 12. Radiating concentric and linear guilloche patterns. Patterns shown on 
the right are radiating concentric line forms: rosettes, star bursts. Patterns shown 
on the left are linear line forms: rippling waves and zigzags. Adopted from 
Guilloche Target supplied by RotoHybrid Ltd. 
 
Figure 12 shows several guilloche patterns. When engraved on a cylinder, the 
thin lines in a guilloche pattern consist of tiny cells. These cells are highly 
sensitive to ink drag-out. Ink drag-out is a defect that results from the interaction 
of the doctor blade and the cells (Grau, 2016). When a doctor blade contacts a 
gravure cylinder surface engraved with guilloche pattern, it wipes the cells walls 
and the edges of the engraved guilloche pattern. Depending on the orientation of 
the doctor blade and the line being wiped, the blade can drag ink out of the cells. 
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This occurs, because the contact angle between the doctor blade and cylinder 
tangent line is less than 90 degrees in gravure (Kitsomboonloha, 2015). This 
drag out increases the thickness of lines wiped at large angles to the direction of 
print while leaving the thickness of lines aligned with the direction of print 
unchanged. The resulting variation in line thickness is a visual indication that 
drag out is occurring which can be assessed during a run without the need for a 
microscope. Positive print guilloche patterns will be evaluated to see if the width 
of fine lines remains constant when these lines are printed.  
 The relevant target for measuring the printability and consistency of small 
type is a Minimum Type Size test form. Figure 13 describes the Minimum Type 
Size test target from FIRST 6.0 (FIRST 6.0., 2017). 
 
Figure 13. Minimum Type Size Target from FIRST 6.0. This target consists of 
Serif and Sans Serif type ranging from ten points to one point. The type is 
imaged in both positive and reverse (negative). Adapted from FIRST 6.0 
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This target has all required type sizes with the exception of 0.5 point type. To 
overcome this limitation, a minimum type size target including 0.5 point type will 
also be used. Figure 14 describes a target that includes 0.5 point type and italic 
text. Because this target does not include serif fonts, the test layout will include 
both targets. Serif fonts have fancy details at the ends of the letters and these 
details will be evaluated to see if they print cleanly at small type sizes. 
 
 
Figure 14. Minimum Type Size Target from Fogra. This target consists of Sans 
Serif and Italic type with sizes ranging from 14 points to 0.5 point. The FIRST 
Minimum Type Size Target will also be printed without modification to assess the 
quality of Serif type. Both targets include positive and negative type. Adapted 
from Image Quality Test Suite. (n.d.). Retrieved from 
https://www.fogra.org/en/fogra-standardization/digital-printing-2-48/testforms/test-
forms-in-beta.html  
 
An additional target suitable for the present research is the FIRST 6.0 
Typography Target shown in Figure 15. This target tests the ability of a cylinder 
to reproduce fine strokes between characters. This target includes stroked, 
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swollen, and framed characters to see if closed counters (holes in a letter such 
as “A”) fill in. 
 
 
Figure 15. Typography target adapted from FIRST 6.0 for Gravure. This target 
consists of 15 point text with various strokes between letters. FIRST 6.0. (2017), 
FTA, retrieved from https://www.flexography.org/first/  
 
 Test targets used for assessing image quality differences associated with 
a change in doctor blade angle. Assessing differences associated with doctor 
blade angle will require an experiment designed to capture samples printed using 
a range of doctor blade angles. The tone density, minimum line width, minimum 
type size, and guilloche targets described above can be used in a designed 
experiment to assess the severity of dot defects due to changes in the blade 
angle. Guilloches are especially suited to detecting image quality changes 
associated with varying doctor blade angle because they can be assessed 
visually, without the need for a microscope.  
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 Test targets used for assessing image quality associated with minimum 
printable dot size. To evaluate image quality associated with minimum printable 
dot size, a step wedge with tone values from 1% to 5% (screened at 175 lpi) is 
required. The step wedge shown in Figure 8 and 9 satisfies this requirement for 
evaluating the reproduction of 1 to 5% dot.  
 Test targets for assessing general image quality. The figures shown below 
are targets for assessing general image quality. A selection of these figures will 
be included in the test layout. 
 
 
Figure 16. Continuous Gradients. This target consists of gradients black, yellow, 
magenta, cyan and rich black (CMY) that vary continuously from 0% to 100%. 
Adopted from AA Test Target provided by RotoHybrid, Ltd. 
 
 The continuous gradients shown in Figure 16 are appropriate for visually 
assessing tone uniformity from 0% paper white to 100% solid patches. This 
target can be used to identify banding, mottling, and overall smoothness. 
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Figure 17. Resolution target. This target consists of four ISO 12640-1 images 
rotated 00, 900, 1800 & 2700, then joined at a common center. Adopted from ISO. 
(1997, December). Graphic technology—prepress digital data exchange—part 1: 
CMYK standard color image data (CMYK/SCID) (ISO Standard No.12640-1). 
Available from http://www.iso.org 
 
 The resolution target shown in Figure 17 is used to evaluate the 
registration accuracy of separations, moiré and aliasing effects. This start target 
consists of rays separated by 4 degrees and it is 25mm square (ISO 12640-1, 
1997). In gravure, this target is useful to evaluate the difference quality of images 
printed from electromechanically engraved and laser engraved cylinders. 
 
 
 
 
 
 
Note. This material is reproduced from ISO 12640-1:1997 with permission of the 
American National Standards Institute (ANSI) on behalf of the International 
Organization for Standardization (ISO).  No part of this material may be copied or 
reproduced in any form, electronic retrieval system or otherwise or made 
available on the Internet, a public network, by satellite or otherwise without the 
prior written consent of the ANSI.  Copies of this standard may be purchased 
from the ANSI, 25 West 43rd Street, New York, NY 10036, (212) 642-4900, 
http://webstore.ansi.org 
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Figure 18. ISO 12640-1 “Wine and Tableware” (N4) SCID image. Adopted from 
ISO. (1997, December). Graphic technology—prepress digital data exchange—
part 1: CMYK standard color image data (CMYK/SCID) (ISO Standard No.12640-
1). Available from http://www.iso.org 
 
 The N4 SCID image in Figure 18 consists of “…of glassware and 
silverware used to evaluate the reproduction characteristics of highlight tones 
and neutral colours.” (ISO 12640-1, 1997, p. 3). 
 
 
 
 
Note. This material is reproduced from ISO 12640-1:1997 with permission of the 
American National Standards Institute (ANSI) on behalf of the International 
Organization for Standardization (ISO).  No part of this material may be copied or 
reproduced in any form, electronic retrieval system or otherwise or made 
available on the Internet, a public network, by satellite or otherwise without the 
prior written consent of the ANSI.  Copies of this standard may be purchased 
from the ANSI, 25 West 43rd Street, New York, NY 10036, (212) 642-4900, 
http://webstore.ansi.org 
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Figure 19. ISO 12640-1 “Bicycle” (N5) SCID image. Adopted from ISO. (1997, 
December). Graphic technology—prepress digital data exchange—part 1: CMYK 
standard color image data (CMYK/SCID) (ISO Standard No.12640-1). Available 
from http://www.iso.org 
 
 The N5 SCID image in Figure 19 consists of “… a (penny-farthing) bicycle, 
resolution charts and other items containing fine details used to evaluate the 
sharpness of reproduction and the results of image processing.” (ISO 12640-1, 
1997, p. 3). 
 
Note. This material is reproduced from ISO 12640-1:1997 with permission of the 
American National Standards Institute (ANSI) on behalf of the International 
Organization for Standardization (ISO).  No part of this material may be copied or 
reproduced in any form, electronic retrieval system or otherwise or made 
available on the Internet, a public network, by satellite or otherwise without the 
prior written consent of the ANSI.  Copies of this standard may be purchased 
from the ANSI, 25 West 43rd Street, New York, NY 10036, (212) 642-4900, 
http://webstore.ansi.org 
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Figure 20. ISO 12640-1 “Musicians” (N7) SCID image. Adopted from ISO. (1997, 
December). Graphic technology—prepress digital data exchange—part 1: CMYK 
standard color image data (CMYK/SCID) (ISO Standard No.12640-1). Available 
from http://www.iso.org 
 
 The N7 SCID image in Figure 20 consists of “…three women used to 
evaluate the reproduction of different skin tones and fine image detail.” (ISO 
12640-1, 1997, p. 3). 
 
 
 
Note. This material is reproduced from ISO 12640-1:1997 with permission of the 
American National Standards Institute (ANSI) on behalf of the International 
Organization for Standardization (ISO). No part of this material may be copied or 
reproduced in any form, electronic retrieval system or otherwise or made 
available on the Internet, a public network, by satellite or otherwise without the 
prior written consent of the ANSI. Copies of this standard may be purchased from 
the ANSI, 25 West 43rd Street, New York, NY 10036, (212) 642-4900, 
http://webstore.ansi.org 
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Figure 21. Roman 16 targets for visual and numeric assessments of printed 
image quality. Adopted from AA Test Target provided by RotoHybrid, Ltd.; 
Revie, C. (9th August, 2017). Consistent Colour Appearance assessment 
method. Retrieved from http://www.color.org/resources/r8-
13/3.20170809_Consistent_Colour_Appearance_assessment.pdf ; 
The roman16 reference images. (n.d.). Retrieved from https://www.bvdm-
online.de/themen/technik-forschung/standardwerke/roman16/referenzbilder/ 
 
 Roman16 reference images shown Figure 21 are developed by 
Bundesverband Druck und Medien (bvdm) (also known as Federal Association of 
Printing and Media) for visual evaluation of printed output from a printing 
process. The primary, secondary and tertiary colors are represented in an 
appealing form by persons, accessories, fashion and backgrounds in these 
pictures. Apart from colors, picture scenes are planned and captured so that it is 
easy to assess fine details and image sharpness. Furthermore, the images cover 
the full range of colors, contain a variety of skin tones. Even slight color 
variations can be easily detected due to their disruptive effect. Uneven tone 
distribution can be detected as tonal jumps and similar irregularities in gradients 
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within the pictures. Roman16 pictures also consist of images for the brown, olive 
and pastel shades as well as an extremely colorful image as a supplement. Mid-
tones and shadows are captured from their respective picture in color and black 
and white (Roman16 bvdm reference images, 2007). 
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Chapter 4 : 
Research Questions 
 Gravure cylinder fabrication that has Hybrid Chrome Replacement (HCR) 
coating either on a copper layer or resizable polymer layer or resizable plus 
engravable polymer layer is referred to as new technology gravure cylinders. In 
this research, new technology gravure cylinders will be compared to conventional 
gravure cylinders in terms of image quality. For purposes of this research, image 
quality will be assessed in terms of: 
a. Halftone dot density, structure, and smallest printable dot. 
b. Fine line conformance to a specified width, plugging of reverse 
printed lines and thinnest consistently printable line width. 
c. Raggedness of fine lines printed at angles of 8º and 90º. 
d. Guilloche line width consistency throughout the pattern. 
e. Minimum consistently printable font sizes for positive and 
reverse printed text. 
 The researcher’s objectives are to compare the image quality of new 
technology and conventional gravure when cylinders are new and as the 
cylinders wear. Specifically, the researcher will answer the following questions: 
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1. How do the proof and press image quality of new technology gravure 
cylinders compare to the image quality of conventional gravure 
cylinders when cylinders are new?  
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Chapter 5 : 
Methodology 
 The methodology consists of the steps required to generate samples for 
measurement followed by the steps required to analyze these samples and draw 
conclusions. The methodology is divided into nine steps which are outlined in the 
flowchart shown below (see Figure 22). 
 
Figure 22. Flowchart showing overview of steps involved in research 
methodology  
 
 
Step 1: Prepare the Test Layout 
Step 2: Prepare, Engrave, and Coat Test Cylinders
Step 3: Establish Test Conditions
Step 4: Run Print Test
Step 5: Collect Samples
Step 6: Setup Measurement Environment
Step 7: Measure Samples and Collect Data
Step 8: Present, Analyze and Discuss the Data
Step 9: Develop Conclusions
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Step 1. Prepare the Test Layout 
The steps involved in test layout preparation are outlined in Figure 23. 
 
Figure 23 Overview of Research Methodology Step 1, Prepare the Test Layout 
 
Step 1.1. Select Test Targets 
 The targets chosen to answer the research questions are listed below. 
These targets are described in Chapter 2, Preliminary Review of the Literature: 
• Tone Step Wedge: Density, dot structure, and smallest printable dot. 
• Line Width Target: Width conformance, plugging, & thinnest printable line. 
• Line Width Target Rotated at 8 and 90 Degrees: Raggedness. 
• Radiating Concentric Guilloche Patterns: Line width consistency. 
• Minimum Type Size Target: Minimum printable font (positive & reverse). 
Test targets to visually check for problems which the chosen metrics might miss. 
• Continuous Black Gradient: Smoothness.  
• ISO 12640-1 “Wine and Tableware” (N4) image (K only): Smoothness. 
• ISO 12640-1 “Bicycle” (N5) image (K only): Line quality. 
Step 1.2. Place Targets in the Layout 
 Layout preparation requires a press cylinder specification. The press 
cylinder dimensions for the present research are 584mm wide x 600mm 
Step 1.1: Select Test Targets 
Step 1.2: Place Targets in Layout
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circumference. Based on these dimensions, a layout 508mm x 600mm layout 
was prepared using the test targets chosen in Step 1.1. 
 
Step 2. Prepare, Engrave, and Coat Test Cylinders 
 Two identical steel bases conforming to the cylinder specification were 
manufactured. One base was finished using conventional technology (copper, 
electromechanical engraving, and chrome). The second base was finished using 
RotoHybrid technology (engravable polymer, laser engraving, and HCR coating). 
The steps involved in fabricating test cylinders are outlined in Figure 24. 
 
 
Figure 24. Overview of Research Methodology Step 2, Prepare, Engrave, and 
Coat Test Cylinders. 
Step 2.1. Prepare Cylinders Bases 
 Two cylinder bases were fabricated in conformance with the cylinder base 
specifications provided by the owner of the test press. 
Step 2.2. Prepare and Engrave Test Cylinders 
 Chrome and HCR Type 1 cylinders are prepared by electroplating an 
engravable copper layer on steel bases and machining this layer to match 
Step 2.1: Prepare Cylinder Bases
Step 2.2: Prepare and Engrave Test Cylinders
Step 2.3: Coat Test Cylinders
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circumference and smoothness specifications. The Test Layout was 
electromechanically engraved on this cylinder. The HCR Type 2 Cylinder was 
prepared by coating a resizable polymer layer on a steel base and machining this 
layer to match circumference and smoothness specifications. This polymer layer 
was coated with an engravable copper layer which was machined to match 
circumference and smoothness specifications. The Test Layout was 
electromechanically engraved on these cylinders. 
Step 2.3. Coat Test Cylinders 
 The Chrome cylinder was electroplated with Chrome using a galvanic 
process. HCR Type 1 and HCR Type 2 cylinders were coated with Hybrid 
Chrome Replacement (HCR) layer using Plasma Enhanced Chemical Vapor 
Deposition. 
 
Step 3. Establish Test Conditions 
 Printing Conditions consist of substrates, inks, and process conditions. 
Figure 25 provides an overview of the process used to establish these 
conditions. 
 
Figure 25. Overview of Research Methodology Step 3, Establish Test Conditions 
 
Step 3.1: Select Ink
Step 3.2: Select Substrate
Step 3.3: Select Process Conditions
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Step 3.1. Select Ink 
 Inks were chosen to assess the quality of images printed using Chrome, 
HCR Type 1, and HCR Type 2 cylinders. Process black, yellow, magenta, and 
cyan inks were chosen for the experiment. These inks were chosen because 
they are optimized for printability and result in high-quality images for 
measurement.  
Step 3.2. Select Substrate 
 An opaque white film was used as the substrate. Films print well 
(especially opaque white films) and allow measurement of process color inks. 
Step 3.3. Select Process Conditions  
 Many process conditions affect image quality. To select test conditions, 
the researcher collaborated with the press owner to achieve the test objectives. 
Press owner used standard Chrome cylinder process conditions (i.e. HCR Type 
1 cylinders were tested as a “drop-in” replacement for Chrome cylinders). 
 
Step 4. Run Print Tests 
 Once prepared, Chrome and HCR Type 1 cylinders were proofed on a 
Gravure Proofing press and subsequently printed on a Gravure Production press 
using inks and substrates conforming to the requirements identified in Step 3. 
Printed proofs press and production press prints were used to compare the 
performance of HCR Type 1 cylinders to conventional gravure cylinders. HCR 
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Type 2 cylinders were proofed, but production press samples were not available 
to support the present research. 
 
Step 5. Collect Samples 
The steps involved in collecting samples are described in Figure 26. 
 
Figure 26. Overview of Research Methodology Step 5, Collect Samples 
Step 5.1. Determine Sampling Interval 
 Sampling times were chosen by the press owner.  
Step 5.2. Determine Number of Samples to Take 
 One to five samples were taken each time the press was stopped. 
Step 5.3. Deliver Samples to Researcher 
 The press owner collected labeled samples and gave them to RotoHybrid. 
RotoHybrid sent proofs and print samples to the researcher. 
 
Step 6. Setup Measurement Environment 
Step 6.1. Select Instruments  
 Two instruments were chosen for measuring image features on the printed 
targets. The Techkon SpectroDens Spectrodensitometer was chosen to measure 
Step 5.1: Determine Sampling Interval
Step 5.2: Determine Number of Samples to Take
Step 5.3: Deliver Samples to Researcher
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Density. The BetaFlex3Pro was chosen to measure Dot Structure, Fine Lines, 
and Raggedness. 
Step 6.2. Metrics Used to Characterize Image Features 
 In the context of this research, a metric is defined as a quantifiable 
characteristic of an image feature. The metrics used to measure density and print 
features are discussed below. 
 Step 6.2.1. Density Metric. Density was measured to compare 
conventional and RotoHybrid cylinders in terms of tonal reproduction. The quality 
of tone reproduction can be assessed by measuring the density of printed tone 
wedges. Chapter 2, Theoretical Basis, provides the formulas used to calculate 
density from spectrodensitometer data. In this research, a Techkon SpectroDens 
spectrodensitometer was used to measure density. Appendix A describes the 
procedure for measuring density with the SpectroDens. 
 Step 6.2.2. Line Width Metrics. Line width and raggedness (edge 
smoothness) were measured using a BetaFlex3Pro to compare conventional and 
RotoHybrid cylinders in terms of fine line reproduction.  
The line width metric measures average line width over a one millimeter 
region. Edge smoothness measures high-frequency variation from a perfectly 
smooth and straight edge. Edge smoothness is calculated for each side of the 
line (e.g. top and bottom if the line is horizontal) using Equation 4.   
Equation 4. Line Edge Smoothness  
Line Smoothness	(Side)= , 100% × Line Edge Length	(Side)Shortest Possible Edge Length	(Side)-.																					(4) 
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 Step 6.2.3. Dot Structure Metrics. Dot structure was assessed using dot 
area and dot edge factor (dot roughness) metrics. Dot structure compares 
conventional and RotoHybrid cylinders in terms of overall dot quality. Dot 
structure was measured using the BetaFlex3Pro. 
 Dot surface area is calculated in square microns (µm2). Average dot area 
(in pixels) and pixels per micron square are the metrics used in calculating the 
dot surface area. The formula for calculating the dot surface area is given by 
Equation 5.on 5. Dot Surface Area (µm2) 
Dot Surface Area /µm20 = !	Average Dot AreaPixels Per µm2	 		# . 																																																								(5)  
 Dot diameter is the diameter of a virtual circle with the same area as the 
dot. Average dot area (in pixels) and pixels per micron are used to calculate dot 
diameter. The formula for calculating the dot diameter is given by Equation 6.  
 
Dot Diameter (µm)	=12Average_Dot_Areap  3×	Pixels	Per μm	.          		         		(6) 
 
 The dot edge factor is calculated by dividing the measured dot perimeter 
by the perimeter of a perfect circle corresponding to the dot’s area. Dot perimeter 
is the average perimeter of all selected dots in µm. As the edge of the dot 
becomes more ragged, the edge factor increases. 
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Step 6.3. Determine Instrument Repeatability for Each Metric 
ASTM International (2014) in its standards No. E177, defines repeatability 
as “…precision determined from multiple test results conducted … by a single, 
well-trained operator using one set of equipment in a short period of time during 
which neither the equipment nor the environment is likely to change appreciably”. 
In this research data for each metric was collected using one instrument and one 
operator, so instrument repeatability is the appropriate metric for determining 
instrument measurement error. 
 To determine the Techkon SpectroDens and BetaFlex3Pro instrument 
repeatability, the researcher measured two specimens five times each and then 
found the mean of each set of measurement. As per ASTM, if the means differ by 
less than 0.03 units, the instrument is acceptable (ASTM International. 2013, 
paragraph 13). Repeatability of the Techkon SpectroDens and BetaFlex3Pro 
were assessed using this methodology and means differed by less than the value 
set by ASTM. So both the instruments showed good repeatability. 
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Step 7. Measure Samples and Collect Data  
 Figure 27 below describes the steps involved in measuring samples and 
assessing image quality. 
 
Figure 27. Overview of Research Methodology Step 7, Measure Samples and 
Collect Data 
 
Step 7.1. Design Data Collection Forms 
 A flat file database for collecting assessment data was designed and 
implemented as an Excel workbook. Each record contains sample identification 
data, quantitative instrument measurements, and qualitative (visual) image 
quality assessments. Appendix C provides a detailed description of the database 
structure. 
Step 7.2. Measure Samples and Collect Data 
 Test targets were printed on thin white plastic film in conformance with 
Step 3 and samples were collected in conformance with Step 5. Samples were 
measured at the completion of each printing trial. 
 Samples identified for measurement were measured using the 
SpectroDens and BetaFlex3Pro. In addition, samples were visually assessed. 
Tables 1 through 3 summarize methods and metrics used to assess each target. 
Step 7.1: Design Data Collection Form
Step 7.2: Measure Samples and Collect Data
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Quantitative and qualitative assessment protocols used by the researcher are 
described in Appendices A and B. 
 
Table 1. Metrics, Methods & Instruments for measuring Step Wedge target 
Target Features/ Attributes Metrics 
Assessment 
Method 
Measuring 
Instrument 
Location in 
Figure C1. 
Tone 
Step 
Wedge 
Density 
Spectral 
Density Quantitative 
Techkon 
Spectro 
Dens Part 3 
Dot Area Dot Area Quantitative BetaFlex3Pro Part 4 
Dot Boundary 
Roughness 
Edge 
Factor Quantitative BetaFlex3Pro Part 6 
Smallest 
Printable Dot Visual Qualitative 
BetaFlex3Pro/
Visual Part 13 
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Table 2. Metrics, Methods & Instruments for measuring Line Width, Guilloche 
and Minimum Type Size targets 
Target Features/ Attributes Metrics 
Assessment 
Method 
Measuring 
Instrument 
Location in 
Figure C1 
Line Width  
Conformance 
to Specified 
Width  Quantitative 
BetaFlex3
Pro 
Part 8 
Part 9 
Plugging of 
Reverse 
Printed Lines 
Visual 
Assessment  Qualitative N/A 
Part 16 
Part 17 
Part 18 
Thinnest 
Consistently 
Printable Line 
 
Qualitative 
BetaFlex3
Pro 
Part 8 
Part 9 
Line Width 
Targets 80 
& 900 Raggedness Line Width Quantitative 
BetaFlex3
Pro 
Part 10 
Part 11 
Radiating 
Concentric 
Guilloche 
Patterns 
Line Width 
Consistency 
Line Width 
and Visual 
Assessment 
Quantitative 
and 
Qualitative 
BetaFlex3
Pro 
Part 12 
Part 19 
Minimum 
Type Size  
Minimum 
Consistently 
Printable 
Font Sizes 
Visual 
Assessment Qualitative N/A 
Part 14 
Part 15 
Legibility of 
Printed Text 
Visual 
Assessment Qualitative N/A 
Part 14 
Part 15 
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Table 3. Metrics, Methods & Instruments for measuring ISO and Continuous 
Black Gradient targets 
Target Features/ Attributes Metric 
Assessment 
Method 
Measuring 
Instrument 
Location in 
Figure C1. 
Continuous 
Black 
Gradient 
Smoothness Visual Assessment Qualitative N/A Part 19 
ISO 
12640-1 
“Wine and 
Tableware” 
(N4) image 
(K only):  
Smoothness Visual Assessment Qualitative N/A Part 20 
ISO 
12640-1 
“Bicycle” 
(N5) image 
(K only):  
Line Quality Visual Assessment Qualitative N/A Part 21 
 
Step 8. Present, Analyze and Discuss the Data  
 Graphs based on quantitative data were prepared. T-tests for equality of 
means were used to assess the significance of the differences in means. Tables 
and figures based on these analyses were presented and discussed in Chapter 
6, Results. 
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Step 9. Develop Conclusions 
 Conclusions were developed based on the data presented in the Results 
Chapter. Research questions were answered, implications discussed, and future 
research opportunities were identified in Chapter 7, Summary and Conclusions.  
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Chapter 6 : 
Results 
 The results chapter compares the performance of samples printed using 
three types of cylinders. 
1) Conventional Chrome Cylinders: These cylinders are fabricated using a 
steel base electroplated with engravable copper, engraved with electro-
mechanical engraving and, finally, electroplated with chrome to protect the 
copper. 
2) HCR Type 1 Cylinders: These cylinders are fabricated using a steel 
base electroplated with engravable copper, engraved with electro-mechanical 
engraving and, finally, coated with a protective Hybrid Chrome Replacement 
(HCR) layer. 
3) HCR Type 2 Cylinder: These cylinders are fabricated using a steel base 
coated with a resizable polymer, electroplated with engravable copper, engraved 
with electro-mechanical engraving and, finally, coated with a protective HCR 
layer. 
Measurable samples were first created when the cylinder was proofed on 
a gravure proofing press. Next, a gravure production press was used to produce 
print samples. Three sets of samples were measured for the present research:  
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1) Test 1 Proof Samples. Proof prints of Conventional Chrome cylinders 
and HCR Type 1 cylinders prepared using a Gravure Proofing Press.  
2) Test 1 Press Samples. Print samples of the same cylinders collected 
from a production press operated by Mondi, a commercial printer in the UK. 
3) Test 2 Proof Samples. Print samples of Conventional Chrome cylinders 
and HCR Type 2 cylinders produced using a using a Gravure Proofing Press. 
 
Presentation and Discussions of Test 1 Results 
 Test 1 results answer a large part the question, “How do proof and press 
prints made using Conventional Chrome and HCR Type 1 gravure cylinders 
compare in terms of image quality when cylinders are new?” In order to answer 
this question, a four color test layout was designed for this trial. The design 
includes one Step Wedge and 15 Control Strips, each of which is an abbreviated 
step wedge. This layout was engraved on Chrome and HCR Type 1 cylinders. 
Subsequently, the cylinders were proofed on the Gravure Proofing Press and 
printed on the Mondi Production Press.  
 The data generated from these prints are presented and discussed by 
image attribute. The first section presents, analyzes and discusses the 
quantitative data generated by a measurement of the print samples. The second 
section presents and discusses visual qualitative assessment data. 
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Quantitative Data 
 Quantitative image attributes include: Density, Dot area, Dot diameter, and 
Dot smoothness (Edge Factor). Data for each attribute is presented and then 
statistically analyzed. A separate section was presented for each process color. 
For statistical analysis, T-tests for equality of means were used to compare 
Chrome and HCR Type 1 results at the .05 and .01 levels of significance. 
 Presentation and statistical analysis of black density data. Relative density 
data was generated by measuring control strip patches and tone step wedges 
using the measurement steps outlined in Appendix A2. Bar charts were prepared 
to summarize Chrome and HCR Type1 results for proof and production prints. 
For each print, two sets of densities were measured, one based on Control Strip 
data and another based on Step Wedge data. 
 Figure 28 compares Chrome and HCR Type 1 print density data 
measured on proof and production press prints. For each print, two data sources 
were used: Control Strips and Tone Wedges. Examination of Figure 28 leads to 
three observations:  
 1) HCR Type 1 print densities are higher than Chrome print densities. This 
observation is true for both data sources in both proof and production press 
prints.  
 2) The difference between proof and press densities is generally quite 
small. This observation holds true for both Chrome and HCR data (i.e. proof and 
press results are consistent).  
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 3) The differences between Control Strip and Tone Wedge data are 
generally small. A few slightly larger differences were observed. This observation 
holds true for both Chrome and HCR data (i.e. Control Strip and Tone Wedge 
data are consistent). 
 
   
   
Figure 28. Black Relative Densities for Control Strip and Tone Wedge Data. The 
bar chart in the upper left quadrant summarizes average data for 15 Control 
Strips when printed on the Gravure Proofing Press. The chart in the upper right 
compares control strip data from Mondi Production Press samples using an 
identical format. The two charts below repeat this process for averages of 20 
Tone Wedge measurements. 
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  The consistently higher HCR Type 1 print densities (compared to Chrome) 
warrant statistical analysis to investigate the significance of this observation. 
Statistical analysis of black density data from proof and press prints using 
Chrome and HCR Type 1 Cylinders are shown in Tables 4 to 7. The results 
reveal that the difference is significant at p < 0.001 for all tone percentages.  
 
Table 4. Statistical Analysis of Black Relative Densities for Control Strip Data 
from Proof Prints 
 
 
Table 5. Statistical Analysis of Black Relative Densities for Control Strip Data 
from Press Prints 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0245 0.00911 0.0023 -0.04800 0.01036 95% (-0.05548, -0.04052) -13.10 30 p < 0.001
HCR 16 0.0725 0.0115 0.0029 -0.04800 0.01036 99% (-0.05808, -0.03792) -13.10 30 p < 0.001
Chrome 16 0.1004 0.0185 0.0046 -0.05519 0.01466 95% (-0.06577, -0.04461) -10.65 30 p < 0.001
HCR 16 0.15562 0.00939 0.0023 -0.05519 0.01466 99% (-0.06944, -0.04094) -10.65 30 p < 0.001
Chrome 16 0.2927 0.0228 0.0057 -0.07544 0.02147 95% (-0.09094, -0.05993) -9.94 30 p < 0.001
HCR 16 0.3681 0.0201 0.005 -0.07544 0.02147 99% (-0.09631, -0.05456) -9.94 30 p < 0.001
Chrome 16 0.6432 0.0423 0.011 -0.19830 0.05480 95% (-0.2379, -0.1587) -10.24 30 p < 0.001
HCR 16 0.8416 0.065 0.016 -0.19830 0.05480 99% (-0.2516, -0.1450) -10.24 30 p < 0.001
Chrome 16 1.1458 0.0412 0.01 -0.25910 0.03720 95% (-0.2860, -0.2323) -19.72 30 p < 0.001
HCR 16 1.4049 0.0326 0.0082 -0.25910 0.03720 99% (-0.2953, -0.2230) -19.72 30 p < 0.001
Chrome 16 1.8749 0.0566 0.014 -0.33660 0.04540 95% (-0.3694, -0.3038) -20.95 30 p < 0.001
HCR 16 2.2115 0.0304 0.0076 -0.33660 0.04540 99% (-0.3808, -0.2924) -20.95 30 p < 0.001
K10%
K25%
K50%
K75% 
K100%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K5%
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0368 0.0117 0.0029 -0.04031 0.00940 95% (-0.04710, -0.03353) -12.13 30 p < 0.001
HCR 16 0.0771 0.0063 0.0016 -0.04031 0.00940 99% (-0.04945, -0.03117) -12.13 30 p < 0.001
Chrome 16 0.1109 0.0166 0.0042 -0.05031 0.01542 95% (-0.06145, -0.03918) -9.23 30 p < 0.001
HCR 16 0.1612 0.0141 0.0035 -0.05031 0.01542 99% (-0.06531, -0.03532) -9.23 30 p < 0.001
Chrome 16 0.3034 0.0265 0.0066 -0.09713 0.02169 95% (-0.11278, -0.08147) -12.67 30 p < 0.001
HCR 16 0.4005 0.0154 0.0039 -0.09713 0.02169 99% (-0.11821, -0.07604) -12.67 30 p < 0.001
Chrome 16 0.7639 0.0385 0.0096 -0.15180 0.03130 95% (-0.1744, -0.1291) -13.70 30 p < 0.001
HCR 16 0.9156 0.0219 0.0055 -0.15180 0.03130 99% (-0.1822, -0.1213) -13.70 30 p < 0.001
Chrome 16 1.2496 0.0307 0.0077 -0.16525 0.02757 95% (-0.18516, -0.14534) -16.95 30 p < 0.001
HCR 16 1.4149 0.024 0.006 -0.16525 0.02757 99% (-0.19205, -0.13845) -16.95 30 p < 0.001
Chrome 16 1.9434 0.0193 0.0048 -0.23669 0.02296 95% (-0.25326, -0.22011) -29.16 30 p < 0.001
HCR 16 2.1801 0.0261 0.0065 -0.06475 -0.23669 99% (-0.25901, -0.21437) -29.16 30 p < 0.001
K10%
K25%
K50%
K75% 
K100%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K5%
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Table 6. Statistical Analysis of Black Relative Densities for Tone Wedge Data 
from Proof Prints 
 
 
Table 7. Statistical Analysis of Black Relative Densities for Tone Wedge Data 
from Press Prints 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.01965 0.00677 0.0015 -0.01675 0.00584 95% (-0.02049, -0.01301) -6.11 38 p < 0.001
HCR 20 0.0364 0.00474 0.0011 -0.01675 0.00584 99% (-0.02176, -0.01174) -6.11 38 p < 0.001
Chrome 20 0.04815 0.00593 0.0013 -0.05125 0.00790 95% (-0.05631, -0.04619) -9.42 38 p < 0.001
HCR 20 0.0994 0.00947 0.0021 -0.05125 0.00790 99% (-0.05803, -0.04447) -9.42 38 p < 0.001
Chrome 20 0.1408 0.00601 0.0013 0.05500 0.00670 95% (-0.05929, -0.05071) -34.40 38 p < 0.001
HCR 20 0.1958 0.00732 0.0016 0.05500 0.00670 99% (-0.06074, -0.04926) -34.40 38 p < 0.001
Chrome 20 0.2697 0.0153 0.0034 -0.07455 0.01179 95% (-0.08209, -0.06701) -20.00 38 p < 0.001
HCR 20 0.34425 0.00666 0.0015 -0.07455 0.01179 99% (-0.08466, -0.06444) -20.00 38 p < 0.001
Chrome 20 0.4083 0.00904 0.002 -0.10450 0.00869 95% (-0.11006, -0.09894) -27.02 38 p < 0.001
HCR 20 0.5128 0.00833 0.0019 -0.10450 0.00869 99% (-0.11195, -0.09705) -27.02 38 p < 0.001
Chrome 20 0.7708 0.0182 0.0041 -0.23635 0.02558 95% (-0.25272, -0.21998) -30.92 38 p < 0.001
HCR 20 1.0071 0.0313 0.007 -0.23635 0.02558 99% (-0.25828, -0.21442) -30.92 38 p < 0.001
Chrome 20 1.2293 0.0262 0.0059 -0.25560 0.02002 95% (-0.26842, -0.24278) -29.24 38 p < 0.001
HCR 20 1.485 0.0107 0.0024 -0.25560 0.02002 99% (-0.27277, -0.23843) -29.24 38 p < 0.001
Chrome 20 1.8261 0.0393 0.0088 -0.35210 0.03730 95% (-0.3760, -0.3282) -49.57 38 p < 0.001
HCR 20 2.1782 0.0352 0.0079 -0.35210 0.03730 99% (-0.3841, -0.3201) -49.57 38 p < 0.001
K100%
Descriptive Statistics Estimation for Difference
CI for Difference
K2%
K5%
K10%
K20%
K30%
K50%
K75% 
Test Statistic 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.01335 0.0037 0.00083 -0.00645 0.00334 95% (-0.00859, -0.00431) -6.11 38 p < 0.001
HCR 20 0.0198 0.00293 0.00066 -0.00645 0.00334 99% (-0.00931, -0.00359) -6.11 38 p < 0.001
Chrome 20 0.05955 0.0048 0.0011 -0.01255 0.00421 95% (-0.01525, -0.00985) -9.42 38 p < 0.001
HCR 20 0.0721 0.00354 0.00079 -0.01255 0.00421 99% (-0.01616, -0.00894) -9.42 38 p < 0.001
Chrome 20 0.0951 0.00759 0.0017 -0.06655 0.00612 95% (-0.07047, -0.06263) -34.40 38 p < 0.001
HCR 20 0.16165 0.00415 0.00093 -0.06655 0.00612 99% (-0.07180, -0.06130) -34.40 38 p < 0.001
Chrome 20 0.23305 0.00639 0.0014 -0.07025 0.00989 95% (-0.07658, -0.06392) -22.47 38 p < 0.001
HCR 20 0.3033 0.0124 0.0028 -0.07025 0.00989 99% (-0.07873, -0.06177) -22.47 38 p < 0.001
Chrome 20 0.3833 0.0155 0.0035 -0.12830 0.01501 95% (-0.13791, -0.11869) -27.02 38 p < 0.001
HCR 20 0.5116 0.0145 0.0032 -0.12830 0.01501 99% (-0.14117, -0.11543) -27.02 38 p < 0.001
Chrome 20 0.8206 0.0193 0.0043 -0.15815 0.01618 95% (-0.16851, -0.14779) -30.92 38 p < 0.001
HCR 20 0.9788 0.0123 0.0028 -0.15815 0.01618 99% (-0.17202, -0.14428) -30.92 38 p < 0.001
Chrome 20 1.3091 0.0151 0.0034 -0.14580 0.01577 95% (-0.15590, -0.13570) -29.24 38 p < 0.001
HCR 20 1.4549 0.0165 0.0037 -0.14580 0.01577 99% (-0.15932, -0.13228) -29.24 38 p < 0.001
Chrome 20 1.9518 0.011 0.0024 -0.22190 0.01416 95% (-0.23096, -0.21284) -49.57 38 p < 0.001
HCR 20 2.1737 0.0168 0.0037 -0.22190 0.01416 99% (-0.23404, -0.20976) -49.57 38 p < 0.001
Descriptive Statistics
K20%
K30%
K50%
K75% 
CI for Difference
Estimation for Difference Test Statistic 
K2%
K5%
K10%
K100%
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 Presentation and statistical analysis of yellow density data. Figure 29 
compares Chrome and HCR Type 1 print density data measured on proof and 
production press prints. For each print, two data sources were used: Control 
Strips and Tone Wedges. Examination of Figure 29 leads to three observations:  
 1) HCR Type 1 print densities are higher than Chrome print densities. This 
observation is true for both data sources in both proof and production press 
prints.  
 2) The difference between proof and press densities is generally quite 
small. This observation holds true for both Chrome and HCR data (i.e. proof and 
press results are consistent).  
 3) The differences between Control Strip and Tone Wedge data are 
generally small. A few slightly larger differences were observed. This observation 
holds true for both Chrome and HCR data (i.e. Control Strip and Tone Wedge 
data are generally consistent). 
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Figure 29. Yellow Relative Densities for Control Strip and Tone Wedge Data. The 
bar chart in the upper left quadrant summarizes average data for 15 Control 
Strips when printed on the Gravure Proofing Press. The chart in the upper right 
compares control strip data from Mondi Production Press samples using an 
identical format. The two charts below repeat this process for averages of 20 
Tone Wedge measurements. 
 
 
 The consistently higher HCR Type 1 print densities (compared to Chrome) 
warrant statistical analysis to investigate the significance of this observation. 
Statistical analysis of yellow density data from proof and press prints using 
Chrome and HCR Type 1 Cylinders are shown in Tables 8 to 11. The results 
reveal that the difference is significant at p < 0.001 for all tone percentages.  
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Table 8. Statistical Analysis of Yellow Relative Densities for Control Strip Data 
from Proof Prints  
 
 
Table 9. Statistical Analysis of Yellow Relative Densities for Control Strip Data 
from Press Prints 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0443 0.0109 0.0027 -0.03837 0.00881 95% (-0.04474, -0.03201) -12.32 30 p < 0.001
HCR 16 0.08263 0.00595 0.0015 -0.03837 0.00881 99% (-0.04694, -0.02981) -12.32 30 p < 0.001
Chrome 16 0.0865 0.00985 0.0025 -0.03325 0.00906 95% (-0.03979, -0.02671) -10.38 30 p < 0.001
HCR 16 0.11975 0.00819 0.002 -0.03325 0.00906 99% (-0.04206, -0.02444) -10.38 30 p < 0.001
Chrome 16 0.1805 0.0117 0.0029 -0.04250 0.01242 95% (-0.05147, -0.03353) -9.68 30 p < 0.001
HCR 16 0.223 0.0131 0.0033 -0.04250 0.01242 99% (-0.05458, -0.03042) -9.68 30 p < 0.001
Chrome 16 0.3952 0.0256 0.0064 -0.08380 0.03260 95% (-0.1073, -0.0603) -7.27 30 p < 0.001
HCR 16 0.479 0.0383 0.0096 -0.08380 0.03260 99% (-0.1155, -0.0521) -7.27 30 p < 0.001
Chrome 16 0.7873 0.0515 0.013 -0.15010 0.04920 95% (-0.1856, -0.1145) -8.62 30 p < 0.001
HCR 16 0.9374 0.0468 0.012 -0.15010 0.04920 99% (-0.1979, -0.1022) -8.62 30 p < 0.001
Chrome 16 1.3117 0.0296 0.0074 -0.10594 0.02648 95% (-0.12505, -0.08682) -11.32 30 p < 0.001
HCR 16 1.4176 0.023 0.0057 -0.10594 0.02648 99% (-0.13168, -0.08020) -11.32 30 p < 0.001
Y5%
Y10%
Y25%
Y50%
Y75% 
Y100%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0459 0.0048 0.0012 -0.01663 0.00389 95% (-0.01944, -0.01381) -12.08 30 p < 0.001
HCR 16 0.0626 0.0026 0.00066 -0.01663 0.00389 99% (-0.02041, -0.01284) -12.08 30 p < 0.001
Chrome 16 0.0889 0.0073 0.0018 -0.01563 0.00721 95% (-0.02083, -0.01042) -6.13 30 p < 0.001
HCR 16 0.1046 0.0072 0.0018 -0.01563 0.00721 99% (-0.02264, -0.00861) -6.13 30 p < 0.001
Chrome 16 0.1778 0.0102 0.0026 -0.03281 0.00863 95% (-0.03904, -0.02658) -10.75 30 p < 0.001
HCR 16 0.2106 0.0067 0.0017 -0.03281 0.00863 99% (-0.04120, -0.02442) -10.75 30 p < 0.001
Chrome 16 0.3931 0.0261 0.0065 -0.04669 0.02520 95% (-0.06489, -0.02849) -5.24 30 p < 0.001
HCR 16 0.4398 0.0242 0.0061 -0.04669 0.02520 99% (-0.07119, -0.02218) -5.24 30 p < 0.001
Chrome 16 0.7543 0.0321 0.008 -0.07210 0.03320 95% (-0.0960, -0.0481) -6.14 30 p < 0.001
HCR 16 0.8264 0.0342 0.0086 -0.07210 0.03320 99% (-0.1043, -0.0398) -6.14 30 p < 0.001
Chrome 16 1.2228 0.0184 0.0046 -0.06475 0.01933 95% (-0.07871, -0.05079) -9.47 30 p < 0.001
HCR 16 1.2876 0.0202 0.0051 -0.06475 0.01933 99% (-0.08355, -0.04595) -9.47 30 p < 0.001
Y5%
Y10%
Y25%
Y50%
Y75% 
Y100%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
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Table 10. Statistical Analysis of Yellow Relative Densities for Tone Wedge Data 
from Proof Prints 
 
 
 
Table 11. Statistical Analysis of Yellow Relative Densities for Tone Wedge Data 
from Press Prints 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.02845 0.00713 0.0016 -0.02065 0.00637 95% (-0.017935, -0.015665) -10.26 38 p < 0.001
HCR 20 0.0491 0.00551 0.0012 -0.02065 0.00637 99% (-0.018321, -0.015279) -10.26 38 p < 0.001
Chrome 20 0.0652 0.00453 0.001 -0.02760 0.00488 95% (-0.022136, -0.019964) -17.89 38 p < 0.001
HCR 20 0.0928 0.00521 0.0012 -0.02760 0.00488 99% (-0.022505, -0.019595) -17.89 38 p < 0.001
Chrome 20 0.11115 0.00508 0.0011 -0.03605 0.00499 95% (-0.026437, -0.023063) -22.83 38 p < 0.001
HCR 20 0.1472 0.00491 0.0011 -0.03605 0.00499 99% (-0.027009, -0.022491) -22.83 38 p < 0.001
Chrome 20 0.1836 0.0126 0.0028 -0.04630 0.01065 95% (-0.05312, -0.03948) -13.75 38 p < 0.001
HCR 20 0.22985 0.00825 0.0018 -0.04630 0.01065 99% (-0.05543, -0.03717) -13.75 38 p < 0.001
Chrome 20 0.2436 0.0092 0.0021 -0.07530 0.00729 95% (-0.05202, -0.04588) -32.65 38 p < 0.001
HCR 20 0.3189 0.00466 0.001 -0.07530 0.00729 99% (-0.05306, -0.04484) -32.65 38 p < 0.001
Chrome 20 0.4712 0.0199 0.0044 -0.16185 0.01787 95% (-0.08701, -0.07199) -28.63 38 p < 0.001
HCR 20 0.6331 0.0156 0.0035 -0.16185 0.01787 99% (-0.08956, -0.06944) -28.63 38 p < 0.001
Chrome 20 0.873 0.0218 0.0049 -0.13865 0.01620 95% (-0.10717, -0.08353) -27.07 38 p < 0.001
HCR 20 1.01165 0.00695 0.0016 -0.13865 0.01620 99% (-0.11118, -0.07952) -27.07 38 p < 0.001
Chrome 20 1.2975 0.0189 0.0042 -0.12920 0.01680 95% (-0.08767, -0.07023) -24.32 38 p < 0.001
HCR 20 1.4267 0.0145 0.0032 -0.12920 0.01680 99% (-0.09064, -0.06726) -24.32 38 p < 0.001
Y30%
Y50% 
Y75% 
Y100%
Y2% 
Y5%
Y10%
Y20% 
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.01465 0.00109 0.00024 -0.01680 0.00177 95% (-0.017935, -0.015665) -29.96 38 p < 0.001
HCR 20 0.03145 0.00226 0.00051 -0.01680 0.00177 99% (-0.018321, -0.015279) -29.96 38 p < 0.001
Chrome 20 0.04835 0.00166 0.00037 -0.02105 0.00170 95% (-0.022136, -0.019964) -39.24 38 p < 0.001
HCR 20 0.0694 0.00173 0.00039 -0.02105 0.00170 99% (-0.022505, -0.019595) -39.24 38 p < 0.001
Chrome 20 0.09325 0.00329 0.00074 -0.02475 0.00264 95% (-0.026437, -0.023063) -29.71 38 p < 0.001
HCR 20 0.118 0.00175 0.00039 -0.02475 0.00264 99% (-0.027009, -0.022491) -29.71 38 p < 0.001
Chrome 20 0.1592 0.00471 0.0011 -0.02800 0.00434 95% (-0.03078, -0.02522) -20.42 38 p < 0.001
HCR 20 0.1872 0.00393 0.00088 -0.02800 0.00434 99% (-0.03172, -0.02428) -20.42 38 p < 0.001
Chrome 20 0.2301 0.00529 0.0012 -0.04895 0.00479 95% (-0.05202, -0.04588) -32.30 38 p < 0.001
HCR 20 0.27905 0.00424 0.00095 -0.04895 0.00479 99% (-0.05306, -0.04484) -32.30 38 p < 0.001
Chrome 20 0.4411 0.0146 0.0033 -0.07950 0.01173 95% (-0.08701, -0.07199) -21.42 38 p < 0.001
HCR 20 0.5206 0.00783 0.0018 -0.07950 0.01173 99% (-0.08956, -0.06944) -21.42 38 p < 0.001
Chrome 20 0.8158 0.0246 0.0055 -0.09535 0.01846 95% (-0.10717, -0.08353) -16.33 38 p < 0.001
HCR 20 0.9111 0.00876 0.002 -0.09535 0.01846 99% (-0.11118, -0.07952) -16.33 38 p < 0.001
Chrome 20 1.2165 0.0178 0.004 -0.07895 0.01363 95% (-0.08767, -0.07023) -18.32 38 p < 0.001
HCR 20 1.29545 0.00728 0.0016 -0.07895 0.01363 99% (-0.09064, -0.06726) -18.32 38 p < 0.001
Descriptive Statistics
Y5%
Estimation for Difference Test Statistic 
CI for Difference
Y2% 
Y10%
Y20% 
Y30%
Y50% 
Y75% 
Y100%
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 Presentation and statistical analysis of magenta density data. Figure 30 
compares Chrome and HCR Type 1 print density data measured on proof and 
production press prints. For each print, two data sources were used: Control 
Strips and Tone Wedges. Examination of Figure 30 leads to three observations:  
 1) HCR Type 1 print densities are higher than Chrome print densities. This 
observation is true for both data sources in both proof and production press 
prints. 
 2) The difference between proof and press densities is generally quite 
small in the highlight areas. However, in the 50, 75 and 100 % tone areas press 
densities are noticeably higher than proof densities. This observation holds true 
for both Chrome and HCR data. 
  3) The differences between Control Strip and Tone Wedge data are 
generally small. This observation holds true for both Chrome and HCR data (i.e. 
Control Strip and Tone Wedge data are consistent.) 
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Figure 30. Magenta Relative Densities for Control Strip and Tone Wedge Data. 
The bar chart in the upper left quadrant summarizes average data for 15 Control 
Strips when printed on the Gravure Proofing Press. The chart in the upper right 
compares control strip data from Mondi Production Press samples using an 
identical format. The two charts below repeat this process for averages of 20 
Tone Wedge measurements. 
 
 The consistently higher HCR Type 1 print densities (compared to Chrome) 
warrant statistical analysis to investigate the significance of this observation. 
Statistical analysis of magenta density data from proof and press prints using 
Chrome and HCR Type 1 Cylinders are shown in Tables 12 to 15. The results 
reveal that the difference is significant at p < 0.001 for all tone percentages.  
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Table 12. Statistical Analysis of Magenta Relative Densities for Control Strip Data 
from Proof Prints 
 
 
Table 13. Statistical Analysis of Magenta Relative Densities for Control Strip Data 
from Press Prints 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0401 0.0098 0.0024 -0.02125 0.00866 95% (-0.02750, -0.01500) -6.94 30 p < 0.001
HCR 16 0.0613 0.0074 0.0019 -0.02125 0.00866 99% (-0.02967, -0.01283) -6.94 30 p < 0.001
Chrome 16 0.0818 0.0061 0.0015 -0.02056 0.00643 95% (-0.02521, -0.01592) -9.04 30 p < 0.001
HCR 16 0.1023 0.0067 0.0017 -0.02056 0.00643 99% (-0.02681, -0.01431) -9.04 30 p < 0.001
Chrome 16 0.1934 0.0125 0.0031 -0.03769 0.01622 95% (-0.04940, -0.02598) -6.57 30 p < 0.001
HCR 16 0.2311 0.0192 0.0048 -0.03769 0.01622 99% (-0.05345, -0.02192) -6.57 30 p < 0.001
Chrome 16 0.4167 0.0287 0.0072 -0.11890 0.03870 95% (-0.1469, -0.0910) -8.70 30 p < 0.001
HCR 16 0.5356 0.0466 0.012 -0.11890 0.03870 99% (-0.1565, -0.0813) -8.70 30 p < 0.001
Chrome 16 0.7804 0.035 0.0087 -0.14356 0.02769 95% (-0.16356, -0.12357) -14.66 30 p < 0.001
HCR 16 0.9239 0.0176 0.0044 -0.14356 0.02769 99% (-0.17049, -0.11664) -14.66 30 p < 0.001
Chrome 16 1.2613 0.0155 0.0039 -0.12250 0.01783 95% (-0.13537, -0.10963) -19.44 30 p < 0.001
HCR 16 1.3838 0.0199 0.005 -0.12250 0.01783 99% (-0.13983, -0.10517) -19.44 30 p < 0.001
Estimation for Difference Test Statistic 
M75% 
Descriptive Statistics
CI for Difference
M5%
M10%
M25%
M50%
M100%
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0473 0.005 0.0012 -0.01519 0.00538 95% (-0.01907, -0.01131) -7.99 30 p < 0.001
HCR 16 0.0624 0.0057 0.0014 -0.01519 0.00538 99% (-0.02041, -0.00996) -7.99 30 p < 0.001
Chrome 16 0.0956 0.0099 0.0025 -0.02956 0.01026 95% (-0.03697, -0.02215) -8.15 30 p < 0.001
HCR 16 0.1251 0.0106 0.0027 -0.02956 0.01026 99% (-0.03954, -0.01959) -8.15 30 p < 0.001
Chrome 16 0.2456 0.0237 0.0059 -0.04831 0.02401 95% (-0.06565, -0.03097) -5.69 30 p < 0.001
HCR 16 0.2939 0.0244 0.0061 -0.04831 0.02401 99% (-0.07166, -0.02496) -5.69 30 p < 0.001
Chrome 16 0.5199 0.0249 0.0062 -0.13244 0.02665 95% (-0.15168, -0.11320) -14.06 30 p < 0.001
HCR 16 0.6524 0.0283 0.0071 -0.13244 0.02665 99% (-0.15835, -0.10653) -14.06 30 p < 0.001
Chrome 16 0.9862 0.0228 0.0057 -0.12019 0.02108 95% (-0.13541, -0.10496) -16.12 30 p < 0.001
HCR 16 1.1064 0.0192 0.0048 -0.12019 0.02108 99% (-0.14069, -0.09969) -16.12 30 p < 0.001
Chrome 16 1.5138 0.0159 0.004 -0.14575 0.01513 95% (-0.15668, -0.13482) -27.24 30 p < 0.001
HCR 16 1.6596 0.0143 0.0036 -0.14575 0.01513 99% (-0.16046, -0.13104) -27.24 30 p < 0.001
M100%
CI for Difference
M5%
M10%
M25%
M50%
M75% 
Descriptive Statistics Estimation for Difference Test Statistic 
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Table 14. Statistical Analysis of Magenta Relative Densities for Tone Wedge 
Data from Proof Prints. 
 
 
Table 15. Statistical Analysis of Magenta Relative Densities for Tone Wedge 
Data from Press Prints 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.0277 0.00543 0.0012 -0.01150 0.00654 95% (-0.01569, -0.00731) -5.56 38 p < 0.001
HCR 20 0.0392 0.00749 0.0017 -0.01150 0.00654 99% (-0.01711, -0.00589) -5.56 38 p < 0.001
Chrome 20 0.0615 0.0103 0.0023 -0.02540 0.00822 95% (-0.03066, -0.02014) -9.77 38 p < 0.001
HCR 20 0.0869 0.00541 0.0012 -0.02540 0.00822 99% (-0.03245, -0.01835) -9.77 38 p < 0.001
Chrome 20 0.11265 0.00622 0.0014 -0.02965 0.00572 95% (-0.03331, -0.02599) -16.38 38 p < 0.001
HCR 20 0.1423 0.00518 0.0012 -0.02965 0.00572 99% (-0.03456, -0.02474) -16.38 38 p < 0.001
Chrome 20 0.1851 0.01 0.0022 -0.03665 0.00739 95% (-0.04138, -0.03192) -15.68 38 p < 0.001
HCR 20 0.2217 0.00296 0.00066 -0.03665 0.00739 99% (-0.04299, -0.03031) -15.68 38 p < 0.001
Chrome 20 0.2588 0.0119 0.0027 -0.04760 0.01093 95% (-0.05460, -0.04060) -13.77 38 p < 0.001
HCR 20 0.30635 0.00991 0.0022 -0.04760 0.01093 99% (-0.05697, -0.03823) -13.77 38 p < 0.001
Chrome 20 0.469 0.0104 0.0023 -0.12085 0.02847 95% (-0.13908, -0.10262) -13.42 38 p < 0.001
HCR 20 0.5899 0.0389 0.0087 -0.12085 0.02847 99% (-0.14526, -0.09644) -13.42 38 p < 0.001
Chrome 20 0.8178 0.0187 0.0042 -0.14705 0.01513 95% (-0.15674, -0.13736) -30.73 38 p < 0.001
HCR 20 0.9649 0.0104 0.0023 -0.14705 0.01513 99% (-0.16003, -0.13407) -30.73 38 p < 0.001
Chrome 20 1.2346 0.0211 0.0047 -0.11680 0.02409 95% (-0.13222, -0.10138) -15.33 38 p < 0.001
HCR 20 1.3514 0.0267 0.006 -0.11680 0.02409 99% (-0.13746, -0.09614) -15.33 38 p < 0.001
M2%
Descriptive Statistics
CI for Difference
M10% 
M20% 
M30
M50% 
M75%
M100% 
M5% 
Estimation for Difference Test Statistic 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.0045 0.000946 0.00021 -0.01370 0.00113 95% (-0.014421, -0.012979) -38.47 38 p < 0.001
HCR 20 0.0182 0.00128 0.00029 -0.01370 0.00113 99% (-0.014666, -0.012734) -38.47 38 p < 0.001
Chrome 20 0.04295 0.00167 0.00037 -0.02090 0.00143 95% (-0.021814, -0.019986) -46.28 38 p < 0.001
HCR 20 0.06385 0.00114 0.00025 -0.02090 0.00143 99% (-0.022125, -0.019675) -46.28 38 p < 0.001
Chrome 20 0.0933 0.00247 0.00055 -0.03155 0.00219 95% (-0.032954, -0.030146) -45.49 38 p < 0.001
HCR 20 0.12485 0.00187 0.00042 -0.03155 0.00219 99% (-0.033430, -0.029670) -45.49 38 p < 0.001
Chrome 20 0.17775 0.00529 0.0012 -0.04710 0.00428 95% (-0.04984, -0.04436) -34.79 38 p < 0.001
HCR 20 0.22485 0.00294 0.00066 -0.04710 0.00428 99% (-0.05077, -0.04343) -34.79 38 p < 0.001
Chrome 20 0.28095 0.00577 0.0013 -0.07625 0.00525 95% (-0.07961, -0.07289) -45.91 38 p < 0.001
HCR 20 0.3572 0.00467 0.001 -0.07625 0.00525 99% (-0.08075, -0.07175) -45.91 38 p < 0.001
Chrome 20 0.5498 0.0111 0.0025 -0.14500 0.00881 95% (-0.15064, -0.13936) -52.05 38 p < 0.001
HCR 20 0.69485 0.00571 0.0013 -0.14500 0.00881 99% (-0.15255, -0.13745) -52.05 38 p < 0.001
Chrome 20 1.0378 0.0141 0.0032 -0.09345 0.01096 95% (-0.10047, -0.08643) -26.96 38 p < 0.001
HCR 20 1.1312 0.00635 0.0014 -0.09345 0.01096 99% (-0.10285, -0.08405) -26.96 38 p < 0.001
Chrome 20 1.5264 0.0129 0.0029 -0.13920 0.01111 95% (-0.14631, -0.13209) -39.62 38 p < 0.001
HCR 20 1.6656 0.00901 0.002 -0.13920 0.01111 99% (-0.14873, -0.12967) -39.62 38 p < 0.001
Descriptive Statistics
M10% 
Estimation for Difference Test Statistic 
CI for Difference
M2%
M5% 
M20% 
M30%
M50% 
M75%
M100% 
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 Presentation and statistical analysis of cyan density data. Figure 31 
compares Chrome and HCR Type 1 print density data measured on proof and 
production press prints. For each print, two data sources were used: Control 
Strips and Tone Wedges. Examination of Figure 31 leads to three observations:  
 1) HCR Type 1 print densities are higher than Chrome print densities. This 
observation is true for both data sources in both proof and production press 
prints.  
 2) The difference between proof and press densities was generally quite 
small in the highlight areas. However, in the 50, 75 and 100 % tone areas press 
densities are noticeably higher than proof densities. This observation holds true 
for both Chrome and HCR data.  
 3) The differences between Control Strip and Tone Wedge data are 
generally small. This observation holds true for both Chrome and HCR data (i.e. 
Control Strip and Tone Wedge data are generally consistent). 
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Figure 31. Cyan Relative Densities for Control Strip and Tone Wedge Data. The 
bar chart in the upper left quadrant summarizes average data for 15 Control 
Strips when printed on the Gravure Proofing Press. The chart in the upper right 
compares control strip data from Mondi Production Press samples using an 
identical format. The two charts below repeat this process for averages of 20 
Tone Wedge measurements. 
 
 The consistently higher HCR Type 1 print densities (compared to Chrome) 
warrant statistical analysis to investigate the significance of this observation. 
Statistical analysis of cyan density data from proof and press prints using 
Chrome and HCR Type 1 Cylinders are shown in Tables 16 to 19. The results 
reveal that the difference is significant at p < 0.001 for all tone percentages.  
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Table 16. Statistical Analysis of Cyan Relative Densities for Control Strip Data 
from Proof Prints  
 
 
Table 17. Statistical Analysis of Cyan Relative Densities for Control Strip Data 
from Press Prints  
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0193 0.0052 0.0013 -0.02300 0.00695 95% (-0.02802, -0.01798) -9.36 30 p < 0.001
HCR 16 0.0423 0.0084 0.0021 -0.02300 0.00695 99% (-0.02976, -0.01624) -9.36 30 p < 0.001
Chrome 16 0.0608 0.0123 0.0031 -0.02769 0.01137 95% (-0.03590, -0.01948) -6.89 30 p < 0.001
HCR 16 0.0884 0.0104 0.0026 -0.02769 0.01137 99% (-0.03874, -0.01663) -6.89 30 p < 0.001
Chrome 16 0.1776 0.0108 0.0027 -0.03337 0.01256 95% (-0.04245, -0.02430) -7.51 30 p < 0.001
HCR 16 0.2109 0.0141 0.0035 -0.03337 0.01256 99% (-0.04559, -0.02116) -7.51 30 p < 0.001
Chrome 16 0.4025 0.0226 0.0056 -0.07875 0.02672 95% (-0.09804, -0.05946) -8.34 30 p < 0.001
HCR 16 0.4813 0.0303 0.0076 -0.07875 0.02672 99% (-0.10473, -0.05277) -8.34 30 p < 0.001
Chrome 16 0.6932 0.0244 0.0061 -0.10556 0.02156 95% (-0.12113, -0.09000) -13.85 30 p < 0.001
HCR 16 0.7988 0.0183 0.0046 -0.10556 0.02156 99% (-0.12652, -0.08460) -13.85 30 p < 0.001
Chrome 16 1.038 0.0089 0.0022 -0.15681 0.02730 95% (-0.17652, -0.13710) -16.25 30 p < 0.001
HCR 16 1.1948 0.0376 0.0094 -0.15681 0.02730 99% (-0.18335, -0.13027) -16.25 30 p < 0.001
C75% 
C100%
Test Statistic 
CI for Difference
C5%
C10%
C25%
C50%
Descriptive Statistics Estimation for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 16 0.0293 0.0078 0.0019 -0.05537 0.00712 95% (-0.06052, -0.05023) -22.00 30 p < 0.001
HCR 16 0.0846 0.0064 0.0016 -0.05537 0.00712 99% (-0.06230, -0.04845) -22.00 30 p < 0.001
Chrome 16 0.0788 0.0059 0.0015 -0.06981 0.00783 95% (-0.07546, -0.06416) -25.23 30 p < 0.001
HCR 16 0.1486 0.0093 0.0023 -0.06981 0.00783 99% (-0.07742, -0.06220) -25.23 30 p < 0.001
Chrome 16 0.2173 0.0087 0.0022 -0.10394 0.01115 95% (-0.11199, -0.09589) -26.37 30 p < 0.001
HCR 16 0.3212 0.0132 0.0033 -0.10394 0.01115 99% (-0.11478, -0.09310) -26.37 30 p < 0.001
Chrome 16 0.5164 0.0218 0.0055 -0.13419 0.02604 95% (-0.15299, -0.11538) -14.57 30 p < 0.001
HCR 16 0.6506 0.0297 0.0074 -0.13419 0.02604 99% (-0.15951, -0.10887) -14.57 30 p < 0.001
Chrome 16 0.9153 0.0332 0.0083 -0.11744 0.02697 95% (-0.13691, -0.09796) -12.31 30 p < 0.001
HCR 16 1.0328 0.0188 0.0047 -0.11744 0.02697 99% (-0.14366, -0.09121) -12.31 30 p < 0.001
Chrome 16 1.3469 0.0271 0.0068 -0.21090 0.02850 95% (-0.2314, -0.1903) -20.94 30 p < 0.001
HCR 16 1.5578 0.0298 0.0075 -0.21090 0.02850 99% (-0.2386, -0.1832) -20.94 30 p < 0.001
C75% 
C100%
Test Statistic 
CI for Difference
C5%
C10%
C25%
C50%
Descriptive Statistics Estimation for Difference
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Table 18. Statistical Analysis of Cyan Relative Densities for Tone Wedge Data 
from Proof Prints  
 
 
Table 19. Statistical Analysis of Cyan Relative Densities for Tone Wedge Data 
from Press Prints  
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.03345 0.00504 0.0011 0.00515 0.00430 95%  (0.00240, 0.00790) 3.79 38 p < 0.001
HCR 20 0.0283 0.0034 0.00076 0.00515 0.00430 99% (0.00146, 0.00884) 3.79 38 p < 0.001
Chrome 20 0.0463 0.00393 0.00088 -0.02190 0.00445 95% (-0.02475, -0.01905) -15.57 38 p < 0.001
HCR 20 0.0682 0.00491 0.0011 -0.02190 0.00445 99% (-0.02571, -0.01809) -15.57 38 p < 0.001
Chrome 20 0.10045 0.00716 0.0016 -0.01770 0.00625 95% (-0.02170, -0.01370) -8.95 38 p < 0.001
HCR 20 0.11815 0.00519 0.0012 -0.01770 0.00625 99% (-0.02306, -0.01234) -8.95 38 p < 0.001
Chrome 20 0.17405 0.00729 0.0016 -0.02770 0.00579 95% (-0.03141, -0.02399) -15.12 38 p < 0.001
HCR 20 0.20175 0.00374 0.00084 -0.02770 0.00579 99% (-0.03267, -0.02273) -15.12 38 p < 0.001
Chrome 20 0.2542 0.00491 0.0011 -0.03440 0.00477 95% (-0.03746, -0.03134) -22.79 38 p < 0.001
HCR 20 0.2886 0.00464 0.001 -0.03440 0.00477 99% (-0.03849, -0.03031) -22.79 38 p < 0.001
Chrome 20 0.4557 0.0127 0.0028 -0.09040 0.01248 95% (-0.09839, -0.08241) -22.90 38 p < 0.001
HCR 20 0.5462 0.0122 0.0027 -0.09040 0.01248 99% (-0.10110, -0.07970) -22.90 38 p < 0.001
Chrome 20 0.7287 0.0214 0.0048 -0.10930 0.01553 95% (-0.11924, -0.09936) -22.25 38 p < 0.001
HCR 20 0.83805 0.00511 0.0011 -0.10930 0.01553 99% (-0.12262, -0.09598) -22.25 38 p < 0.001
Chrome 20 1.0377 0.0212 0.0047 -0.17325 0.02217 95% (-0.18744, -0.15906) -24.71 38 p < 0.001
HCR 20 1.2109 0.0231 0.0052 -0.17325 0.02217 99% (-0.19226, -0.15424) -24.71 38 p < 0.001
C2%
C5%
C10%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
C20%
C30% 
C50% 
C75%
C100% 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 0.0073 0.00184 0.00041 -0.02065 0.00163 95% (-0.021694, -0.019606) -40.02 38 p < 0.001
HCR 20 0.02795 0.00139 0.00031 -0.02065 0.00163 99% (-0.022049, -0.019251) -40.02 38 p < 0.001
Chrome 20 0.0387 0.00192 0.00043 -0.04300 0.00190 95% (-0.044213, -0.041787) -71.77 38 p < 0.001
HCR 20 0.0817 0.00187 0.00042 -0.04300 0.00190 99% (-0.044625, -0.041375) -71.77 38 p < 0.001
Chrome 20 0.09775 0.00271 0.00061 -0.05870 0.00267 95% (-0.060409, -0.056991) -69.55 38 p < 0.001
HCR 20 0.15645 0.00263 0.00059 -0.05870 0.00267 99% (-0.060989, -0.056411) -69.55 38 p < 0.001
Chrome 20 0.1896 0.00607 0.0014 -0.07305 0.00520 95% (-0.07638, -0.06972) -44.38 38 p < 0.001
HCR 20 0.26265 0.00416 0.00093 -0.07305 0.00520 99% (-0.07751, -0.06859) -44.38 38 p < 0.001
Chrome 20 0.3006 0.00634 0.0014 -0.10595 0.00621 95% (-0.10993, -0.10197) -53.91 38 p < 0.001
HCR 20 0.40655 0.00609 0.0014 -0.10595 0.00621 99% (-0.11128, -0.10062) -53.91 38 p < 0.001
Chrome 20 0.57915 0.00924 0.0021 -0.12120 0.00907 95% (-0.12701, -0.11539) -42.25 38 p < 0.001
HCR 20 0.70035 0.0089 0.002 -0.12120 0.00907 99% (-0.12898, -0.11342) -42.25 38 p < 0.001
Chrome 20 0.9479 0.0101 0.0023 -0.09090 0.00899 95% (-0.09666, -0.08514) -31.96 38 p < 0.001
HCR 20 1.0388 0.00769 0.0017 -0.09090 0.00899 99% (-0.09861, -0.08319) -31.96 38 p < 0.001
Chrome 20 1.3547 0.0172 0.0039 -0.19500 0.01430 95% (-0.20416, -0.18584) -43.11 38 p < 0.001
HCR 20 1.5497 0.0106 0.0024 -0.19500 0.01430 99% (-0.20726, -0.18274) -43.11 38 p < 0.001
Descriptive Statistics
C30% 
C50% 
C75%
C100% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Estimation for Difference
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 Presentation and statistical analysis of black dot area (µm2) data. Dot 
Area (µm2), data was generated by measuring the tone step wedges using 
measurement steps outlined in Appendix A1.3. Bar charts for Dot Area were 
prepared to summarize Chrome and HCR Type1 results for proof and production 
prints. Figure 32 compares Chrome and HCR Type 1 print Dot Area (µm2) data 
measured on proof and production press prints. For each print, data source used 
was from Tone Wedges. 
 
    
Figure 32. Black Dot Area (µm2). The bar chart on the left, summarizes average 
data from Tone Wedge measurements of Gravure Proofing Press sample. The 
chart on the right compares Tone Wedge data from Mondi Production Press 
samples. 
 
Examination of Figure 32 leads to two observations:  
 1) HCR Type 1 print Dot Area values are higher than Chrome print Dot 
Area values. Chrome and HCR Type 1 values for 2% dots are missing because 
neither cylinder could reproduce these dots. This observation is true for Tone 
Wedge data in both proof and production press prints.  
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 2) The press dot area is noticeably high in most of the tonal areas 
compared proof dot areas. However, in the 5% tone areas, HCR Type 1 proof dot 
area values are noticeably higher than their respective press dot area values.  
 The consistently higher HCR Type 1 print dot areas (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of black dot area data from proof and press 
prints using Chrome and HCR Type 1 Cylinders are shown in Tables 20 and 21. 
The results show that the difference is significant at p < 0.001 for all tone 
percentages.  
Table 20. Statistical Analysis of Black Dot Area (µm2) for Tone Wedge Data from 
Proof Prints  
 
Table 21. Statistical Analysis of Black Dot Area (µm2) for Tone Wedge Data from 
Press Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 208.9 39 8.7 -507.0 60.5 95% (-545.7, -468.3) -26.50 38 p < 0.001
HCR 20 716 76.2 17 -507.0 60.5 99% (-558.9, -455.1) -26.50 38 p < 0.001
Chrome 20 830 157 35 -677.7 122.1 95% (-755.8, -599.6) -17.56 38 p < 0.001
HCR 20 1507.8 71.1 16 -677.7 122.1 99% (-782.4, -573.0) -17.56 38 p < 0.001
Chrome 20 1911 174 39 -977.8 145.2 95% (-1070.8, -884.9) -21.29 38 p < 0.001
HCR 20 2889 108 24 -977.8 145.2 99% (-1102.4, -853.3) -21.29 38 p < 0.001
Chrome 20 3205 245 55 -1094.8 195.6 95% (-1220.0, -969.5) -17.70 38 p < 0.001
HCR 20 4300 129 29 -1094.8 195.6 99% (-1262.5, -927.0) -17.70 38 p < 0.001
K5%
K10%
K20%
K30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K2%
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 388.3 64.8 14 -124.6 59.4 95% (-162.7, -86.5) -6.63 38 p < 0.001
HCR 20 512.9 53.5 12 -124.6 59.4 99% (-175.6, -73.6) -6.63 38 p < 0.001
Chrome 20 1061 151 34 -730.1 117.3 95% (-805.2, -655.1) -19.69 38 p < 0.001
HCR 20 1791.3 67.6 15 -730.1 117.3 99% (-830.7, -629.6) -19.69 38 p < 0.001
Chrome 20 2682.9 86.1 19 -676.6 84.2 95% (-730.5, -622.6) -25.40 38 p < 0.001
HCR 20 3359.5 82.3 18 -676.6 84.2 99% (-748.8, -604.3) -25.40 38 p < 0.001
Chrome 20 4157 167 37 -1411.9 229.8 95% (-1559.0, -1264.8) -19.43 38 p < 0.001
HCR 20 5569 279 62 -1411.9 229.8 99% (-1609.0, -1214.8) -19.43 38 p < 0.001
K5%
K10%
K20%
K30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K2%
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 Presentation and statistical analysis of yellow dot area (µm2) data. Dot 
Area (µm2) data was generated by measuring the tone step wedges using 
measurement steps outlined in Appendix A1.3. Bar charts for Dot Area were 
prepared summarizing Chrome and HCR Type1 results for proof and production 
prints. Figure 33 compares Chrome and HCR Type 1 print Dot Area (µm2) data 
measured on proof and production press prints. For each print, data source used 
was from Tone Wedges.  
 
    
Figure 33. Yellow Dot Area (µm2). The bar chart on the left, summarizes average 
data from Tone Wedge measurements of Gravure Proofing Press samples. The 
chart on the right compares Tone Wedge data from Mondi Production Press 
samples. 
 
Examination of Figure 33 leads to two observations:  
 1) HCR Type 1 print Dot Area values are higher than Chrome print Dot 
Area values. This observation is true for Tone Wedge data source in both proof 
and production press prints.  
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 2) The press dot area is noticeably high in all tonal areas compared to 
corresponding proof dot areas. This observation holds true for both Chrome and 
HCR data.  
 The consistently higher HCR Type 1 print dot areas (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of yellow dot area data from proof and press 
prints using Chrome and HCR Type 1 Cylinders are shown in Tables 22 and 23. 
The results reveal that the difference is significant at p < 0.001 for all tone 
percentages.  
Table 22. Statistical Analysis of Yellow Dot Area (µm2) for Tone Wedge Data 
from Proof Prints  
 
 
Table 23. Statistical Analysis of Yellow Dot Area (µm2) for Tone Wedge Data 
from Press Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 193.8 72.7 16 -550.6 82.7 95% (-603.5, -497.7) -21.05 38 p < 0.001
HCR 20 744.4 91.6 20 -550.6 82.7 99% (-621.5, -479.7) -21.05 38 p < 0.001
Chrome 20 1656 187 42 -2384.2 162.8 95% (-2488.4, -2279.9) -46.32 38 p < 0.001
HCR 20 4040 135 30 -2384.2 162.8 99% (-2523.7, -2244.6) -46.32 38 p < 0.001
Chrome 20 4178 276 62 -2421.3 237.9 95% (-2573.5, -2269.0) -32.19 38 p < 0.001
HCR 20 6599 193 43 -2421.3 237.9 99% (-2625.2, -2217.3) -32.19 38 p < 0.001
Chrome 20 8361 449 100 -2639.0 420.0 95% (-2908, -2370) -19.87 38 p < 0.001
HCR 20 11001 389 87 -2639.0 420.0 99% (-2999, -2279) -19.87 38 p < 0.001
Chrome 20 12243 782 175 -3419.0 683.0 95% (-3856, -2982) -15.84 38 p < 0.001
HCR 20 15662 566 127 -3419.0 683.0 99% (-4005, -2834) -15.84 38 p < 0.001
Y2% 
Y5%
Y10%
Y20% 
Y30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 998 214 48 -634.3 168.7 95% (-742.3, -526.4) -11.89 38 p < 0.001
HCR 20 1632 105 23 -634.3 168.7 99% (-779.0, -489.7) -11.89 38 p < 0.001
Chrome 20 3439 154 34 -997.7 143.7 95% (-1089.7, -905.7) -21.96 38 p < 0.001
HCR 20 4437 133 30 -997.7 143.7 99% (-1120.9, -874.5) -21.96 38 p < 0.001
Chrome 20 6704 249 56 -1393.6 237.3 95% (-1545.5, -1241.7) -18.57 38 p < 0.001
HCR 20 8097 225 50 -1393.6 237.3 99% (-1597.1, -1190.1) -18.57 38 p < 0.001
Chrome 20 10851 360 81 -1623.3 296.2 95% (-1813.0, -1433.7) -17.33 38 p < 0.001
HCR 20 12474 214 48 -1623.3 296.2 99% (-1877.4, -1369.3) -17.33 38 p < 0.001
Chrome 20 14876 512 114 -2412.0 413.0 95% (-2676, -2147) -18.46 38 p < 0.001
HCR 20 17287 282 63 -2412.0 413.0 99% (-2766, -2058) -18.46 38 p < 0.001
Y2% 
Y5%
Y10%
Y20% 
Y30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
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 Presentation and statistical analysis of magenta dot area (µm2) data. 
 Dot Area (µm2) data was generated by measuring tone wedges using the 
measurement steps outlined in Appendix A1.3. Bar charts for Dot Area were 
prepared summarizing Chrome and HCR Type1 results for proof and production 
prints. Figure 34 compares Chrome and HCR Type 1 print Dot Area (µm2) data 
measured on proof and production press prints. For each print, the data source 
used was the Tone Wedges. 
 
    
Figure 34. Magenta Dot Area (µm2). The bar chart on the left, summarizes 
average data from Tone Wedge measurements of Gravure Proofing Press 
samples. The chart on the right compares Tone Wedge data from Mondi 
Production Press samples. 
 
Examination of Figure 34 leads to two observations:  
 1) HCR Type 1 print Dot Area values are higher than Chrome print Dot 
Area values. This observation is true for Tone Wedge data in both proof and 
production press prints.  
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 2) The press dot area is noticeably higher in all tonal areas compared to 
corresponding proof dot areas. This observation holds true for both Chrome and 
HCR data. However, in the 2% tone areas, HCR Type 1 cylinders were able to 
reproduce dots on the production press whereas Chrome cylinders could not 
reproduce the same dots. 
 The consistently higher HCR Type 1 print dot areas (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of magenta dot area data from proof and press 
prints are shown in Tables 24 and 25. The results reveal that the difference is 
significant at p < 0.001 for all tone percentages.  
Table 24. Statistical Analysis of Magenta Dot Area (µm2) for Tone Wedge Data 
from Proof Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 116.4 9.6 2.1 -542.1 43.0 95% (-569.5, -514.6) -39.91 38 p < 0.001
HCR 20 658.5 60 13 -542.1 43.0 99% (-578.9, -505.2) -39.91 38 p < 0.001
Chrome 20 899 154 34 -771.7 111.4 95% (-843.0, -700.4) -21.90 38 p < 0.001
HCR 20 1670.8 33.5 7.5 -771.7 111.4 99% (-867.2, -676.2) -21.90 38 p < 0.001
Chrome 20 2504 104 23 -726.0 129.3 95% (-808.8, -643.2) -17.75 38 p < 0.001
HCR 20 3230 151 34 -726.0 129.3 99% (-836.9, -615.1) -17.75 38 p < 0.001
Chrome 20 4079 197 44 -1154.6 190.1 95% (-1276.2, -1032.9) -19.21 38 p < 0.001
HCR 20 5233 183 41 -1154.6 190.1 99% (-1317.5, -991.6) -19.21 38 p < 0.001
Chrome 20 6638 465 104 -994.0 414.0 95% (-1259, -729) -7.60 38 p < 0.001
HCR 20 7632 355 79 -994.0 414.0 99% (-1348, -639) -7.60 38 p < 0.001
CI for Difference
M2%
M5% 
M10% 
M20% 
M30%
Descriptive Statistics Estimation for Difference Test Statistic 
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Table 25. Statistical Analysis of Magenta Dot Area (µm2) for Tone Wedge Data 
from Press Prints  
 
 Presentation and statistical analysis of cyan dot area (µm2) data. 
 Dot Area (µm2) data was generated by measuring tone wedges using the 
measurement steps outlined in Appendix A1.3. Bar charts for Dot Area were 
prepared summarizing Chrome and HCR Type1 results for proof and production 
prints. Figure 35 compares Chrome and HCR Type 1 print Dot Area (µm2) data 
measured on proof and production press prints. For each print, data was taken 
from Tone Wedges. 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 1259 116 26 -394.4 86.0 95% (-449.5, -339.3) -14.50 38 p < 0.001
HCR 20 1653.7 35.6 8 -394.4 86.0 99% (-468.2, -320.6) -14.50 38 p < 0.001
Chrome 20 2927.2 89.3 20 -670.9 91.5 95% (-729.5, -612.3) -23.19 38 p < 0.001
HCR 20 3598.1 93.6 21 -670.9 91.5 99% (-749.4, -592.4) -23.19 38 p < 0.001
Chrome 20 5358 122 27 -998.6 110.2 95% (-1069.1, -928.0) -28.66 38 p < 0.001
HCR 20 6357 96.8 22 -998.6 110.2 99% (-1093.0, -904.1) -28.66 38 p < 0.001
Chrome 20 7819 213 48 -1827.3 189.3 95% (-1948.5, -1706.1) -30.53 38 p < 0.001
HCR 20 9646 162 36 -1827.3 189.3 99% (-1989.6, -1665.0) -30.53 38 p < 0.001
CI for Difference
M2%
M5% 
M10% 
M20% 
M30%
Descriptive Statistics Estimation for Difference Test Statistic 
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Figure 35. Cyan Dot Area (µm2). The bar chart on the left, summarizes average 
data from Tone Wedge measurements of Gravure Proofing Press samples. The 
chart on the right compares Tone Wedge data from Mondi Production Press 
samples. 
 
Examination of Figure 35 leads to two observations:  
 1) HCR Type 1 print Dot Area values are higher than Chrome print Dot 
Area values. This observation is true for Tone Wedge data in both proof and 
production press prints.  
 2) The press dot area is noticeably high in all tonal areas compared to the 
corresponding proof dot areas. This observation holds true for both Chrome and 
HCR data. On the production press, HCR Type 1 cylinders were able to 
reproduce 2% dots whereas Chrome cylinders could not reproduce the same. 
 The consistently higher HCR Type 1 print dot areas (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of magenta dot area data from proof and press 
prints using Chrome and HCR Type 1 Cylinders is shown in Tables 26 and 27. 
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The results reveal that the difference is significant at p < 0.001 for all tone 
percentages. 
Table 26. Statistical Analysis of Cyan Dot Area (µm2) for Tone Wedge Data from 
Proof Prints  
 
Table 27. Statistical Analysis of Cyan Dot Area (µm2) for Tone Wedge Data from 
Press Prints  
 
 
 Presentation and statistical analysis of black dot diameter (µm) data. Dot 
Diameter (µm) data was generated by measuring tone step wedges using the 
measurement steps outlined in Appendix A1.3. Radar Charts for Dot Diameter 
were prepared summarizing Chrome and HCR Type1 results for proof and 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 666.2 90 20 -1039.3 79.9 95% (-1090.4, -988.2) -41.14 38 p < 0.001
HCR 20 1705.5 68.3 15 -1039.3 79.9 99% (-1107.8, -970.8) -41.14 38 p < 0.001
Chrome 20 2418 123 27 -1322.8 119.8 95% (-1399.4, -1246.1) -34.92 38 p < 0.001
HCR 20 3741 117 26 -1322.8 119.8 99% (-1425.5, -1220.0) -34.92 38 p < 0.001
Chrome 20 4919 316 71 -778.8 266.3 95% (-949.3, -608.3) -9.25 38 p < 0.001
HCR 20 5698 205 46 -778.8 266.3 99% (-1007.1, -550.5) -9.25 38 p < 0.001
Chrome 20 7986 205 46 -469.4 192.6 95% (-592.7, -346.0) -7.71 38 p < 0.001
HCR 20 8456 179 40 -469.4 192.6 99% (-634.5, -304.2) -7.71 38 p < 0.001
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Descriptive Statistics Estimation for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 1435 105 23 -906.8 96.2 95% (-968.3, -845.2) -29.81 38 p < 0.001
HCR 20 2342.1 86.7 19 -906.8 96.2 99% (-989.2, -824.3) -29.81 38 p < 0.001
Chrome 20 3342 126 28 -1523.8 130.3 95% (-1607.2, -1440.4) -36.97 38 p < 0.001
HCR 20 4865 135 30 -1523.8 130.3 99% (-1635.6, -1412.0) -36.97 38 p < 0.001
Chrome 20 6236 184 41 -1488.7 206.2 95% (-1620.6, -1356.7) -22.83 38 p < 0.001
HCR 20 7725 227 51 -1488.7 206.2 99% (-1665.4, -1311.9) -22.83 38 p < 0.001
Chrome 20 8892 237 53 -2181.1 194.1 95% (-2305.4, -2056.9) -35.53 38 p < 0.001
HCR 20 11073 139 31 -2181.1 194.1 99% (-2347.6, -2014.7) -35.53 38 p < 0.001
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Descriptive Statistics Estimation for Difference
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production prints. Figure 36 compares Chrome and HCR Type 1 print Dot 
Diameter (µm) data measured on proof and production press prints. For each 
print, data source used was from Tone Wedges. 
 
 
 
 88 
Dot Diameter (µm) - Black Dots Printed from Proof Press 
 
Dot Diameter (µm) - Black Dots Printed from Production Press  
 
Figure 36. Dot Diameter Analysis – Black. To analyze dot diameter, the 2%, 5%, 
10%, 20%, and 30% dots in the Tone Wedge were measured at 20 different 
locations using the BetaFlex3Pro to generate average dot diameter data. The 
results were plotted on radar charts. Around the perimeter of each chart, Tgt1, 
Tgt 2, … Tgt 20 identify the 20 measurements. The resulting measurements 
were connected. In these plots, Chrome measurements are plotted in Blue; HCR 
Type 1 measurements are plotted in Orange.  
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Examination of Figure 36 leads to two observations:  
 1) HCR Type 1 print Dot Diameter values are higher than Chrome print 
Dot Diameter values. However, in the 2% tone areas, both Chrome and HCR 
Type 1 cylinders could not reproduce the dots. This observation is true for Tone 
Wedge data source in both proof and production press prints.  
 2) The press dot diameter is noticeably high in all of the tonal areas 
compared proof. This observation holds true for both Chrome and HCR data. 
 The consistently higher HCR Type 1 print dot diameter (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of black dot diameter data from proof and press 
prints using Chrome and HCR Type 1 Cylinders are shown in Table 28 and 29. 
The results reveal that the difference is significant at p < 0.001 for all tone 
percentages. 
 
Table 28. Statistical Analysis of Black Dot Diameter (µm) for Tone Wedge Data 
from Proof Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 16.25 1.52 0.34 -13.91500 1.54300 95% (-14.903, -12.927) -28.52 38 p < 0.001
HCR 20 30.16 1.57 0.35 -13.91500 1.54300 99% (-15.238, -12.592) -28.52 38 p < 0.001
Chrome 20 32.36 3.22 0.72 -11.45500 2.39200 95% (-12.986, -9.924) -15.14 38 p < 0.001
HCR 20 43.81 1.03 0.23 -11.45500 2.39200 99% (-13.506, -9.404) -15.14 38 p < 0.001
Chrome 20 49.26 2.28 0.51 -11.36500 1.80100 95% (-12.518, -10.212) -19.95 38 p < 0.001
HCR 20 60.63 1.14 0.26 -11.36500 1.80100 99% (-12.909, -9.821) -19.95 38 p < 0.001
Chrome 20 63.85 2.46 0.55 -10.13500 1.91000 95% (-11.358, -8.912) -16.78 38 p < 0.001
HCR 20 73.98 1.12 0.25 -10.13500 1.91000 99% (-11.773, -8.497) -16.78 38 p < 0.001
K2%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K5%
K10%
K20%
K30%
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Table 29. Statistical Analysis of Black Dot Diameter (µm) for Tone Wedge Data 
from Press Prints  
 
 
 Presentation and statistical analysis of yellow dot diameter (µm) data. Dot 
Diameter (µm) data was generated by measuring the tone step wedges using 
measurement steps outlined in Appendix A1.3. Radar Charts for Dot Diameter 
were prepared summarizing Chrome and HCR Type1 results for proof and 
production prints. Figure 37 compares Chrome and HCR Type 1 print Dot 
Diameter (µm) data measured on proof and production press prints. For each 
print, data was taken from the Tone Wedges. 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 22.16 1.87 0.42 -3.35500 1.62100 95% (-4.393, -2.317) -6.55 38 p < 0.001
HCR 20 25.51 1.32 0.3 -3.35500 1.62100 99% (-4.745, -1.965) -6.55 38 p < 0.001
Chrome 20 36.67 2.65 0.59 -11.08500 1.98000 95% (-12.353, -9.817) -17.70 38 p < 0.001
HCR 20 47.76 0.899 0.2 -11.08500 1.98000 99% (-12.783, -9.387) -17.70 38 p < 0.001
Chrome 20 58.435 0.935 0.21 -6.96500 0.87000 95% (-7.522, -6.408) -25.31 38 p < 0.001
HCR 20 65.4 0.8 0.18 -6.96500 0.87000 99% (-7.711, -6.219) -25.31 38 p < 0.001
Chrome 20 72.73 1.47 0.33 -11.45500 1.80900 95% (-12.613, -10.297) -20.02 38 p < 0.001
HCR 20 84.19 2.09 0.47 -11.45500 1.80900 99% (-13.006, -9.904) -20.02 38 p < 0.001
K2%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K5%
K10%
K20%
K30%
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Dot Diameter (µm) - Yellow Dots Printed from Proof Press  
 
Dot Diameter (µm) - Yellow Dots Printed from Production Press  
 
Figure 37. Dot Diameter Analysis – Yellow. To analyze dot diameter, the 2%, 5%, 
10%, 20%, and 30% dots were measured at 20 different locations using the 
BetaFlex3Pro to generate average dot diameter data. The results were plotted on 
radar charts. Around the perimeter of each chart, Tgt1, Tgt 2, … Tgt 20 identify 
the 20 measurements. The resulting measurements were connected. In these 
plots, Chrome measurements are plotted in Blue; HCR Type 1 measurements 
are plotted in Orange.  
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Examination of Figure 37 leads to two observations:  
 1) HCR Type 1 print Dot Diameter values are higher than Chrome print 
Dot Diameter values. This observation is true for Tone Wedge data source in 
both proof and production press prints.  
 2) The press dot diameter is noticeably higher in all tonal areas compared 
proof dot diameters. This observation holds true for both Chrome and HCR data.  
 The consistently higher HCR Type 1 print dot diameters (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of yellow dot diameter data from proof and press 
prints using Chrome and HCR Type 1 Cylinders are shown in Table 30 and 31. 
The results demonstrate that the difference is significant at p < 0.001 for all tone 
percentages.  
Table 30. Statistical Analysis of Yellow Dot Diameter (µm) for Tone Wedge Data 
from Proof Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 15.47 2.8 0.63 -15.26000 2.40500 95% (-16.800, -13.720) -20.06 38 p < 0.001
HCR 20 30.73 1.94 0.43 -15.26000 2.40500 99% (-17.322, -13.198) -20.06 38 p < 0.001
Chrome 20 45.87 2.57 0.58 -25.84500 2.00900 95% (-27.131, -24.559) -40.69 38 p < 0.001
HCR 20 71.71 1.2 0.27 -25.84500 2.00900 99% (-27.567, -24.123) -40.69 38 p < 0.001
Chrome 20 72.89 2.41 0.54 -18.76000 1.94300 95% (-20.004, -17.516) -30.54 38 p < 0.001
HCR 20 91.65 1.33 0.3 -18.76000 1.94300 99% (-20.426, -17.094) -30.54 38 p < 0.001
Chrome 20 103.13 2.76 0.62 -15.19000 2.45300 95% (-16.760, -13.620) -19.58 38 p < 0.001
HCR 20 118.32 2.1 0.47 -15.19000 2.45300 99% (-17.293, -13.087) -19.58 38 p < 0.001
Chrome 20 124.79 4.08 0.91 -16.40000 3.40000 95% (-18.58, -14.22) -15.25 38 p < 0.001
HCR 20 141.19 2.55 0.57 -16.40000 3.40000 99% (-19.32, -13.48) -15.25 38 p < 0.001
CI for Difference
Descriptive Statistics Estimation for Difference Test Statistic 
Y2% 
Y5%
Y10%
Y20% 
Y30%
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Table 31. Statistical Analysis of Yellow Dot Diameter (µm) for Tone Wedge Data 
from Press Prints  
 
 Presentation and statistical analysis of magenta dot diameter (µm) data. 
 Dot Diameter (µm) data was generated by measuring tone step wedges using 
the measurement steps outlined in Appendix A1.3. Radar Charts for Dot 
Diameter were prepared summarizing Chrome and HCR Type1 results for proof 
and production prints. Figure 38 compares Chrome and HCR Type 1 print Dot 
Diameter (µm) data measured on proof and production press prints. For each 
print, data was taken from Tone Wedges. 
 
 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 35.47 3.72 0.83 -10.10500 2.83200 95% (-11.918, -8.292) -11.28 38 p < 0.001
HCR 20 45.58 1.49 0.33 -10.10500 2.83200 99% (-12.533, -7.677) -11.28 38 p < 0.001
Chrome 20 66.16 1.48 0.33 -8.98500 1.31400 95% (-9.826, -8.144) -21.63 38 p < 0.001
HCR 20 75.14 1.12 0.25 -8.98500 1.31400 99% (-10.112, -7.858) -21.63 38 p < 0.001
Chrome 20 92.38 1.72 0.39 -9.15000 1.57300 95% (-10.157, -8.143) -18.39 38 p < 0.001
HCR 20 101.53 1.41 0.31 -9.15000 1.57300 99% (-10.499, -7.801) -18.39 38 p < 0.001
Chrome 20 117.52 1.96 0.44 -8.50000 1.58000 95% (-9.511, -7.489) -17.01 38 p < 0.001
HCR 20 126.02 1.08 0.24 -8.50000 1.58000 99% (-9.855, -7.145) -17.01 38 p < 0.001
Chrome 20 137.62 2.37 0.53 -10.74000 1.88200 95% (-11.945, -9.535) -18.04 38 p < 0.001
HCR 20 148.36 1.21 0.27 -10.74000 1.88200 99% (-12.354, -9.126) -18.04 38 p < 0.001
CI for Difference
Descriptive Statistics Estimation for Difference Test Statistic 
Y2% 
Y5%
Y10%
Y20% 
Y30%
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Dot Diameter (µm) - Magenta Dots Printed from Proof Press  
 
 Dot Diameter (µm) - Magenta Dots Printed from Production Press 
 
 
Figure 38. Dot Diameter Analysis – Magenta. To analyze dot diameter, the 2%, 
5%, 10%, 20%, and 30% dots in the Tone Wedge were measured at 20 different 
locations using the BetaFlex3Pro to generate average dot diameter data. The 
results were plotted on radar charts. Around the perimeter of each chart, Tgt1, 
Tgt 2, … Tgt 20 identify the 20 measurements. The resulting measurements 
were connected. In these plots, Chrome measurements are plotted in Blue; HCR 
Type 1 measurements are plotted in Orange. 
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Examination of Figure 38 leads to two observations:  
 1) HCR Type 1 print Dot Diameter values are higher than Chrome print 
Dot Area values. This observation is true for Tone Wedge data source in both 
proof and production press prints.  
 
 2) The press dot diameter is noticeably high in all of the tonal areas 
compared proof. This observation holds true for both Chrome and HCR data. In 
the 2% tone areas, HCR Type 1 cylinders were able to reproduce dots on 
production press whereas Chrome cylinders could not reproduce these dots. 
 The consistently higher HCR Type 1 print dot diameters (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of magenta dot diameter data from proof and 
press prints using Chrome and HCR Type 1 Cylinders are shown in Table 32 and 
33. The results reveal that the difference is significant at p < 0.001 for all tone 
percentages.  
 
Table 32. Statistical Analysis of Magenta Dot Diameter (µm) for Tone Wedge 
Data from Proof Prints  
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 12.16 0.503 0.11 -16.76500 0.99400 95% (-17.401, -16.129) -53.35 38 p < 0.001
HCR 20 28.92 1.31 0.29 -16.76500 0.99400 99% (-17.617, -15.913) -53.35 38 p < 0.001
Chrome 20 33.7 2.99 0.67 -12.42000 2.13800 95% (-13.789, -11.051) -18.37 38 p < 0.001
HCR 20 46.125 0.474 0.11 -12.42000 2.13800 99% (-14.253, -10.587) -18.37 38 p < 0.001
Chrome 20 56.45 1.19 0.27 -7.64500 1.37400 95% (-8.525, -6.765) -17.59 38 p < 0.001
HCR 20 64.1 1.54 0.34 -7.64500 1.37400 99% (-8.823, -6.467) -17.59 38 p < 0.001
Chrome 20 72.04 1.74 0.39 -9.57500 1.59400 95% (-10.595, -8.555) -19.00 38 p < 0.001
HCR 20 81.61 1.43 0.32 -9.57500 1.59400 99% (-10.941, -8.209) -19.00 38 p < 0.001
Chrome 20 91.88 3.25 0.73 -6.66500 2.80900 95% (-8.463, -4.867) -7.50 38 p < 0.001
HCR 20 98.55 2.28 0.51 -6.66500 2.80900 99% (-9.074, -4.256) -7.50 38 p < 0.001
Estimation for Difference Test Statistic 
M30%
Descriptive Statistics
CI for Difference
M2%
M5% 
M10% 
M20% 
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Table 33. Statistical Analysis of Magenta Dot Diameter (µm) for Tone Wedge 
Data from Press Prints  
 
 
 Presentation and statistical analysis of cyan dot diameter (µm) data. Dot 
Diameter (µm) data was generated by measuring tone step wedges using the 
measurement steps outlined in Appendix A1.3. Radar Charts for Dot Diameter 
were prepared summarizing Chrome and HCR Type1 results for proof and 
production prints. Figure 39 compares Chrome and HCR Type 1 print Dot 
Diameter (µm) data measured on proof and production press prints. For each 
print, data was taken from Tone Wedges. 
 
 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 39.99 1.88 0.42 -5.89000 1.37500 95% (-6.770, -5.010) -13.54 38 p < 0.001
HCR 20 45.88 0.503 0.11 -5.89000 1.37500 99% (-7.069, -4.711) -13.54 38 p < 0.001
Chrome 20 61.045 0.941 0.21 -6.63500 0.90800 95% (-7.216, -6.054) -23.12 38 p < 0.001
HCR 20 67.68 0.873 0.2 -6.63500 0.90800 99% (-7.413, -5.857) -23.12 38 p < 0.001
Chrome 20 82.59 0.95 0.21 -7.37500 0.82300 95% (-7.902, -6.848) -28.32 38 p < 0.001
HCR 20 89.965 0.673 0.15 -7.37500 0.82300 99% (-8.081, -6.669) -28.32 38 p < 0.001
Chrome 20 99.77 1.37 0.31 -11.04500 1.17500 95% (-11.797, -10.293) -29.73 38 p < 0.001
HCR 20 110.815 0.937 0.21 -11.04500 1.17500 99% (-12.052, -10.038) -29.73 38 p < 0.001
Estimation for Difference Test Statistic 
M30%
Descriptive Statistics
CI for Difference
M2%
M5% 
M10% 
M20% 
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Dot Diameter (µm) - Cyan Dots Printed from Proof Press  
 
Dot Diameter (µm) - Cyan Dots Printed from Production Press  
 
Figure 39. Dot Diameter Analysis – Cyan. To analyze dot diameter, the 2%, 5%, 
10%, 20%, and 30% dots in the Tone Wedge were measured at 20 different 
locations using the BetaFlex3Pro to generate average dot diameter data. The 
results were plotted on radar charts. Around the perimeter of each chart, Tgt1, 
Tgt 2, … Tgt 20 identify the 20 measurements. The resulting measurements 
were connected. In these plots, Chrome measurements are plotted in Blue; HCR 
Type 1 measurements are plotted in Orange. 
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Examination of Figure 39 leads to two observations:  
 1) HCR Type 1 print Dot Diameter values are higher than Chrome print 
Dot Area values. This observation is true for Tone Wedge data in both proof and 
production press prints.  
 2) The press dot diameter is noticeably higher in all measurable tonal 
areas compared to proof areas. This observation holds true for both Chrome and 
HCR data. In the 2% tone areas, both Chrome and HCR Type 1 cylinders could 
not reproduce the dots on proofing press. On production press, HCR Type 1 
cylinders were able to reproduce 2% dots whereas Chrome cylinders could not 
reproduce them. 
 The consistently higher HCR Type 1 print dot diameters (compared to 
Chrome) warrant statistical analysis to investigate the significance of this 
observation. Statistical analysis of magenta dot area data from proof and press 
prints using Chrome and HCR Type 1 Cylinders are shown in Table 34 and 35. 
The results reveal that the difference is significant at p < 0.001 for all tone 
percentages. 
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Table 34. Statistical Analysis of Cyan Dot Diameter (µm) for Tone Wedge Data 
from Proof Prints  
 
 
Table 35. Statistical Analysis of Cyan Dot Diameter (µm) for Tone Wedge Data 
from Press Prints  
 
 
 
 
 
 
 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 29.07 2.01 0.45 -17.51000 1.57000 95% (-18.515, -16.505) -35.28 38 p < 0.001
HCR 20 46.585 0.942 0.21 -17.51000 1.57000 99% (-18.856, -16.164) -35.28 38 p < 0.001
Chrome 20 55.48 1.4 0.31 -13.52500 1.25100 95% (-14.326, -12.724) -34.19 38 p < 0.001
HCR 20 69 1.08 0.24 -13.52500 1.25100 99% (-14.598, -12.452) -34.19 38 p < 0.001
Chrome 20 79.11 2.54 0.57 -6.05500 2.09800 95% (-7.398, -4.712) -9.13 38 p < 0.001
HCR 20 85.16 1.53 0.34 -6.05500 2.09800 99% (-7.854, -4.256) -9.13 38 p < 0.001
Chrome 20 100.83 1.31 0.29 -2.91500 1.21400 95% (-3.692, -2.138) -7.59 38 p < 0.001
HCR 20 103.75 1.11 0.25 -2.91500 1.21400 99% (-3.956, -1.874) -7.59 38 p < 0.001
Descriptive Statistics
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Estimation for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 42.73 1.5 0.34 -11.87500 1.28000 95% (-12.694, -11.056) -29.33 38 p < 0.001
HCR 20 54.6 1.01 0.23 -11.87500 1.28000 99% (-12.973, -10.777) -29.33 38 p < 0.001
Chrome 20 65.21 1.24 0.28 -13.49000 1.16600 95% (-14.237, -12.743) -36.58 38 p < 0.001
HCR 20 78.7 1.09 0.24 -13.49000 1.16600 99% (-14.490, -12.490) -36.58 38 p < 0.001
Chrome 20 89.1 1.32 0.29 -10.05000 1.39500 95% (-10.943, -9.157) -22.78 38 p < 0.001
HCR 20 99.15 1.47 0.33 -10.05000 1.39500 99% (-11.246, -8.854) -22.78 38 p < 0.001
Chrome 20 106.4 1.43 0.32 -12.33500 1.14600 95% (-13.069, -11.601) -34.03 38 p < 0.001
HCR 20 118.73 0.756 0.17 -12.33500 1.14600 99% (-13.318, -11.352) -34.03 38 p < 0.001
Descriptive Statistics
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Estimation for Difference
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 Presentation and statistical analysis of dot edge factor data. Dot Edge 
Factor data was generated by measuring tone step wedges using the 
measurement steps outlined in Appendix A1.3. The edge factor is calculated as 
(actual dot perimeter / the perimeter of a circle having equal area) in percent. 
Thus, a perfectly smooth circular dot has an edge factor of 100%. The edge 
factor for a printed dot is almost always a higher percentage. In this experiment, 
edge factors ranged between 110% and 180% (meaning that actual perimeters 
were between 10% and 80% longer than the perimeters of smooth circles having 
the same area). This could be due to: 
• Dot Shape. For example, a dot with the shape of a smooth ellipse has a 
longer perimeter than one with the shape of a smooth circle. 
• Macro-Roughness. For example, a dot with a “bite” missing has a longer 
perimeter than a “normal” dot. 
• Micro-Roughness. For example, a dot with a sawtooth edge has a longer 
perimeter than a dot with a smooth edge. 
In this experiment, Dot Shape and Macro-Roughness were the primary factors 
responsible for longer dot perimeters. 
 For each tone value, the printed patch was measured in 20 different 
locations to create 20 unique dot samples. Thus, for each experimental condition 
(e.g. 10% Black Dots Printed on the Mondi Press using a Conventional Chrome 
Cylinder), two edge factor metrics are available: (1) average edge factor values 
(e.g. 130.24%), and (2) variation around this average. Differences in average 
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values are presented in Statistical Analyses, while Variation is presented 
graphically. 
Dot Edge Factor (%) - CMYK 2% Chrome and HCR Dots Printed from Proof Press  
 
Dot Edge Factor (%) - CMYK 2% Chrome and HCR Dots Printed from Production Press  
 
Figure 40. Dot Edge Factor Analysis - 2% Tone Wedge. To analyze the dot edge 
factor, each of the CMYK Tone Wedges was measured at 20 different locations 
using the BetaFlex3Pro to generate average dot smoothness data. The results 
were plotted as a line chart. On the X-axis of the chart, the 20 measurements are 
identified as Tgt1, Tgt2...etc. The Y-axis shows edge factor values in percentage. 
The plots on the upper left and right quadrants summarize edge factor data for 
CMYK dots printed on the Gravure Proofing Press using Chrome and HCR Type 
1 cylinders. The plots on the lower left and right quadrants summarize the same 
data for the Gravure Production Press.  
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Figure 40 compares Chrome and HCR Type1 Edge Factor (%) data measured 
on 2% tones of proof and production press prints. Data was taken from Tone 
Wedges. Some lines are missing due to the dots being unprintable. 
Examination of Figure 40 leads to two observations:  
 1) Both Chrome and HCR Type 1 Edge Factor values show variation in 
sample-to-sample smoothness percentages. This observation is true for Tone 
Wedge data source in proof prints.  
 2) The proof Edge Factor data shows that there is noticeably higher 
variability from sample to sample than press dot smoothness. This observation 
holds true for both Chrome and HCR data. 
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Figure 41 compares Chrome and HCR Type 1 Edge Factor (%) data measured 
on 5% tones of proof and production press prints. For each print, data was taken 
from Tone Wedges. 
Dot Edge Factor (%) - CMYK 5% Chrome and HCR Dots Printed from Proof Press  
 
Dot Edge Factor (%) - CMYK 5% Chrome and HCR Dots Printed from Production Press  
 
Figure 41. Dot Edge Factor Analysis - 5% Tone Wedge. To analyze the dot edge 
factor, each of the CMYK Tone Wedges was measured at 20 different locations 
using the BetaFlex3Pro to generate average dot smoothness data. The results 
were plotted as a line chart. On the X-axis of the chart, the 20 measurements are 
identified as Tgt1, Tgt2...etc. The Y-axis shows edge factor values in percentage. 
The plots on the upper left and right quadrants summarize edge factor data for 
CMYK dots printed on the Gravure Proofing Press using Chrome and HCR Type 
1 cylinders. The plots on the lower left and right quadrants summarize the same 
data for the Gravure Production Press.  
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Examination of Figure 41 leads to two observations:  
 1) In general, HCR Type 1 Edge Factor values show less variation from 
sample to sample compared to Edge Factor variation for Chrome samples. This 
observation is true for Tone Wedge data in both proof and production press 
prints.  
 2) The proof dot smoothness is typically more variable from sample to 
sample than press dot smoothness. This observation holds true for both Chrome 
and HCR data. 
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Figure 42 compares Chrome and HCR Type 1 Edge Factor (%) data 
measured on 10% tones of proof and production press prints. For each print, 
data was taken from Tone Wedges. 
Dot Edge Factor (%) - CMYK 10% Chrome and HCR Dots Printed from Proof Press  
 
Dot Edge Factor (%) - CMYK 10% Chrome and HCR Dots Printed from Production Press  
 
Figure 42. Dot Edge Factor Analysis - 10% Tone Wedge. To analyze the dot 
edge factor, each of the CMYK Tone Wedges was measured at 20 different 
locations using the BetaFlex3Pro to generate average dot smoothness data. The 
results were plotted as a line chart. On the X-axis of the chart, the 20 
measurements are identified as Tgt1, Tgt2...etc. The Y-axis shows edge factor 
values in percentage. The plots on the upper left and right quadrants summarize 
edge factor data for CMYK dots printed on the Gravure Proofing Press using 
Chrome and HCR Type 1 cylinders. The plots on the lower left and right 
quadrants summarize the same data for the Gravure Production Press.  
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Examination of Figure 42 leads to two observations:  
 1) HCR Type 1 print Dot Smoothness values generally show less 
variability from sample to sample than corresponding Chrome values. There was 
also higher variability in black dot smoothness than in CMY dot smoothness for 
Chrome prints. This observation is true for both proof and production press 
prints.  
 2) For Chrome samples, proof dot smoothness shows noticeably higher 
variability from sample to sample than press dot smoothness. 
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 Figure 43 compares Chrome and HCR Type 1 Edge Factor (%) data 
measured on 20% tones of proof and production press prints. For each print, 
data was taken from Tone Wedges. 
Dot Edge Factor (%) - CMYK 20% Chrome and HCR Dots Printed from Proof Press  
 
Dot Edge Factor (%) - CMYK 20% Chrome and HCR Dots Printed from Production Press  
 
Figure 43. Dot Edge Factor Analysis - 20% Tone Wedge. To analyze the dot 
edge factor, each of the CMYK Tone Wedges was measured at 20 different 
locations using the BetaFlex3Pro to generate average dot smoothness data. The 
results were plotted as a line chart. On the X-axis of the chart, the 20 
measurements are identified as Tgt1, Tgt2...etc. The Y-axis shows edge factor 
values in percentage. The plots on the upper left and right quadrants summarize 
edge factor data for CMYK dots printed on the Gravure Proofing Press using 
Chrome and HCR Type 1 cylinders. The plots on the lower left and right 
quadrants summarize the same data for the Gravure Production Press.  
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Examination of Figure 43 leads to the following observation:  
 1) HCR Type 1 Edge Factor values show less variability from sample to 
sample than Chrome values in proof prints. Production press prints show little 
difference between Chrome and HCR samples. 
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 Figure 44 compares Chrome and HCR Type 1 Edge Factor (%) data 
measured on 30% tones of proof and production press prints. For each print, 
data was taken from Tone Wedges. 
Dot Edge Factor (%) - CMYK 30% Chrome and HCR Dots Printed from Proof Press  
 
Dot Edge Factor (%) - CMYK 30% Chrome and HCR Dots Printed from Production Press  
 
Figure 44. Dot Edge Factor Analysis - 30% Tone Wedge. To analyze the dot 
edge factor, each of the CMYK Tone Wedges was measured at 20 different 
locations using the BetaFlex3Pro to generate average dot smoothness data. The 
results were plotted as a line chart. On the X-axis of the chart, the 20 
measurements are identified as Tgt1, Tgt2...etc. The Y-axis shows edge factor 
values in percentage. The plots on the upper left and right quadrants summarize 
edge factor data for CMYK dots printed on the Gravure Proofing Press using 
Chrome and HCR Type 1 cylinders. The plots on the lower left and right 
quadrants summarize the same data for the Gravure Production Press.  
 
 110 
Examination of Figure 44 leads to leads to the following observation:  
 1) For proof prints, HCR Type 1 Dot Smoothness values generally show 
less variability from sample to sample than Chrome values.  Production press 
prints show little difference between Chrome and HCR samples 
 These data point to differences in Edge Factor between Conventional 
Chrome and HCR Type 1 cylinders.  While Variation data generally favors HCR 
Type 1 cylinders, a glance at the graphs shows that Chrome dots often have 
lower Edge Factor values. To further investigate the nature of these differences, 
statistical analyses of CMYK Edge Factor data from proof and press prints using 
Chrome and HCR Type 1 cylinders were performed. The results of these 
analyses are shown in Tables 36 to 43.  
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Table 36. Statistical Analysis comparing the mean values of Black Dot Edge 
Factor data from Proof Prints  
 
Table 37. Statistical Analysis comparing the mean values of Black Dot Edge 
Factor data from Press Prints  
 
 
 The results shown in Tables 36 and 37 reveal that measured edge factors 
for HCR Type 1 cylinders were lower than corresponding values for Chrome 
cylinders in all cases except the 5% Black Dots printed using the Proof Press. 
These results were significant at the .01 level. 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 116.64 6.64 1.5 -27.56000 5.39000 95% (-31.01, -24.10) -16.16 38 p < 0.001
HCR 20 144.2 3.74 0.84 -27.56000 5.39000 99% (-32.18, -22.93) -16.16 38 p < 0.001
Chrome 20 147.2 15.3 3.4 14.04000 10.95000 95% (7.03, 21.05) 4.06 38 p < 0.001
HCR 20 133.11 2.2 0.49 14.04000 10.95000 99% (4.65, 23.43) 4.06 38 p < 0.001
Chrome 20 147.57 3.98 0.89 14.61000 2.93500 95% (12.731, 16.489) 15.74 38 p < 0.001
HCR 20 132.96 1.19 0.27 14.61000 2.93500 99% (12.094, 17.126) 15.74 38 p < 0.001
Chrome 20 150.84 6.28 1.4 16.76000 4.63000 95% (13.80, 19.72) 11.46 38 p < 0.001
HCR 20 134.08 1.82 0.41 16.76000 4.63000 99% (12.79, 20.73) 11.46 38 p < 0.001
K5%
K10%
K20%
K30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K2%
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 141.92 6.49 1.5 17.76000 5.05000 95% (14.53, 20.99) 11.13 38 p < 0.001
HCR 20 124.16 2.97 0.67 17.76000 5.05000 99% (13.43, 22.09) 11.13 38 p < 0.001
Chrome 20 135.19 4.81 1.1 10.47000 3.43000 95% (8.27, 12.67) 9.65 38 p < 0.001
HCR 20 124.73 0.664 0.15 10.47000 3.43000 99% (7.53, 13.41) 9.65 38 p < 0.001
Chrome 20 125.57 2.25 0.5 1.52000 1.71200 95% (0.424, 2.616) 2.81 38 0.008
HCR 20 124.05 0.899 0.2 1.52000 1.71200 99% (0.052, 2.988) 2.81 38 0.008
Chrome 20 124.75 0.686 0.15 -6.22000 1.50000 95% (-7.180, -5.260) -13.12 38 p < 0.001
HCR 20 130.97 2.01 0.45 -6.22000 1.50000 99% (-7.506, -4.934) -13.12 38 p < 0.001
K5%
K10%
K20%
K30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
K2%
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Table 38. Statistical Analysis comparing the mean values of Yellow Dot Edge 
Factor data from Proof Prints  
 
Table 39. Statistical Analysis comparing the mean values of Yellow Dot Edge 
Factor data from Press Prints  
 
 The results shown in Tables 38 and 39 display a more complex pattern: 
• For proof prints, HCR Type I cylinders generally print more circular dots 
(lower Edge Factors) than Chrome cylinders. The exception to this rule is 
2% dots where Chrome cylinders produce lower edge factors. 
• For press prints: (1) 10%, 20%, and 30% dots exhibit virtually identical 
edge factors, (2) for 2% and 5% dots, HCR Type 1 dots have higher edge 
factors due to their larger size (which allows for more variation in shape 
and macro-roughness). 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 127.33 8.08 1.8 -26.09000 6.27000 95% (-30.11, -22.08) -13.16 38 p < 0.001
HCR 20 153.42 3.66 0.82 -26.09000 6.27000 99% (-31.47, -20.72) -13.16 38 p < 0.001
Chrome 20 146.74 8.79 2 15.50000 6.26000 95% (11.50, 19.51) 7.83 38 p < 0.001
HCR 20 131.24 1.06 0.24 15.50000 6.26000 99% (10.14, 20.87) 7.83 38 p < 0.001
Chrome 20 148.76 4.09 0.91 17.40500 2.90800 95% (15.544, 19.266) 18.93 38 p < 0.001
HCR 20 131.36 0.42 0.094 17.40500 2.90800 99% (14.912, 19.898) 18.93 38 p < 0.001
Chrome 20 132.46 2.21 0.49 2.22500 1.65000 95% (1.169, 3.281) 4.26 38 p < 0.001
HCR 20 130.24 0.76 0.17 2.22500 1.65000 99% (0.810, 3.640) 4.26 38 p < 0.001
Chrome 20 129.52 1.04 0.23 0.44500 0.89100 95% (-0.126, 1.016) 1.58 38 0.123
HCR 20 129.08 0.717 0.16 0.44500 0.89100 99% (-0.319, 1.209) 1.58 38 0.123
Y2% 
Y5%
Y10%
Y20% 
Y30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 134.44 3.13 0.7 -10.86000 3.21000 95% (-12.92, -8.80) -10.69 38 p < 0.001
HCR 20 145.3 3.3 0.74 -10.86000 3.21000 99% (-13.62, -8.10) -10.69 38 p < 0.001
Chrome 20 129.73 1.37 0.31 -2.62500 1.26500 95% (-3.435, -1.815) -6.56 38 p < 0.001
HCR 20 132.36 1.16 0.26 -2.62500 1.26500 99% (-3.710, -1.540) -6.56 38 p < 0.001
Chrome 20 129.95 1.11 0.25 -0.14500 1.15100 95% (-0.882, 0.592) -0.40 38 0.692
HCR 20 130.09 1.19 0.27 -0.14500 1.15100 99% (-1.132, 0.842) -0.40 38 0.692
Chrome 20 129.69 0.911 0.2 0.58500 0.84300 95% (0.045, 1.125) 2.19 38 0.034
HCR 20 129.1 0.768 0.17 0.58500 0.84300 99% (-0.138, 1.308) 2.19 38 0.034
Chrome 20 130.04 1.07 0.24 -0.01500 1.25100 95% (-0.816, 0.786) -0.04 38 0.97
HCR 20 130.05 1.41 0.32 -0.01500 1.25100 99% (-1.088, 1.058) -0.04 38 0.97
Y2% 
Y5%
Y10%
Y20% 
Y30%
Descriptive Statistics Estimation for Difference Test Statistic 
CI for Difference
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Table 40. Statistical Analysis comparing the mean values of Magenta Dot Edge 
Factor data from Proof Prints  
 
Table 41. Statistical Analysis comparing the mean values of Magenta Dot Edge 
Factor data from Press Prints  
 
 The results in Table 40 and 41 again follow a complex pattern: 
• For proof prints, HCR Type I cylinders generally print more circular dots 
(lower Edge Factors) than Chrome cylinders. Two percent dots are again 
the exception. 
• For press prints: (1) 10%, 20%, and 30% dots exhibit virtually identical 
edge factors, (2) for 5% dots, HCR Type 1 dots have lower edge factors. It 
should be noted that this difference, while significant at the .001 level is 
barely observable in photomicrographs. 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 118.06 4.07 0.91 -19.75000 3.95000 95% (-22.28, -17.23) -15.82 38 p < 0.001
HCR 20 137.81 3.83 0.86 -19.75000 3.95000 99% (-23.14, -16.37) -15.82 38 p < 0.001
Chrome 20 135.88 9.33 2.1 2.61000 6.63000 95% (-1.63, 6.85) 1.25 38 0.221
HCR 20 133.27 0.899 0.2 2.61000 6.63000 99% (-3.07, 8.29) 1.25 38 0.221
Chrome 20 147.27 3.23 0.72 17.01500 2.34900 95% (15.511, 18.519) 22.91 38 p < 0.001
HCR 20 130.25 0.795 0.18 17.01500 2.34900 99% (15.001, 19.029) 22.91 38 p < 0.001
Chrome 20 144.12 3.27 0.73 14.79000 2.34700 95% (13.288, 16.292) 19.93 38 p < 0.001
HCR 20 129.33 0.544 0.12 14.79000 2.34700 99% (12.778, 16.802) 19.93 38 p < 0.001
Chrome 20 131.66 2.26 0.5 2.68000 1.65900 95% (1.618, 3.742) 5.11 38 p < 0.001
HCR 20 128.98 0.636 0.14 2.68000 1.65900 99% (1.258, 4.102) 5.11 38 p < 0.001
CI for Difference
M2%
M5% 
M10% 
M20% 
M30%
Descriptive Statistics Estimation for Difference Test Statistic 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 134.12 3.94 0.88 7.68000 2.85900 95% (5.850, 9.510) 8.50 38 p < 0.001
HCR 20 126.44 0.926 0.21 7.68000 2.85900 99% (5.229, 10.131) 8.50 38 p < 0.001
Chrome 20 126.61 0.557 0.12 0.36500 0.67600 95% (-0.068, 0.798) 1.71 38 0.096
HCR 20 126.25 0.776 0.17 0.36500 0.67600 99% (-0.214, 0.944) 1.71 38 0.096
Chrome 20 127.05 0.669 0.15 -0.18000 0.64600 95% (-0.593, 0.233) -0.88 38 0.384
HCR 20 127.23 0.621 0.14 -0.18000 0.64600 99% (-0.734, 0.374) -0.88 38 0.384
Chrome 20 127.8 0.458 0.1 0.00000 0.56100 95% (-0.359, 0.359) 0.00 38 1
HCR 20 127.8 0.649 0.15 0.00000 0.56100 99% (-0.481, 0.481) 0.00 38 1
CI for Difference
M2%
M5% 
M10% 
M20% 
M30%
Descriptive Statistics Estimation for Difference Test Statistic 
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Table 42. Statistical Analysis comparing the mean values of Cyan Dot Edge 
Factor data from Proof Prints.  
 
Table 43. Statistical Analysis comparing the mean values of Cyan Dot Edge 
Factor data from Press Prints.  
 
The results in Table 42 and 43 reveals that (1) for proofs, HCR Type 1 dots have 
lower edge factors than Chrome dots, while (2) for press prints, HCR Type 1 
cylinders produce superior results for 5% dots. The remaining press dots (10%, 
20%, and 30%) are virtually identical. In terms of statistical significance, with the 
exception of 5% dots, the superior performance of HCR Type 1 dots is significant 
at the .001 level. For press dots, only 5% dots print significantly better using HCR 
Type 1 cylinders (p=.001). The remaining differences are either not significant, or 
are too small to be meaningful in an industrial context. 
 
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 146.54 4.97 1.1 2.13000 3.91000 95% (-0.38, 4.63) 1.72 38 0.094
HCR 20 144.41 2.41 0.54 2.13000 3.91000 99% (-1.22, 5.47) 1.72 38 0.094
Chrome 20 163.71 2.03 0.45 22.07500 1.66200 95% (21.011, 23.139) 42.00 38 p < 0.001
HCR 20 141.63 1.18 0.26 22.07500 1.66200 99% (20.650, 23.500) 42.00 38 p < 0.001
Chrome 20 150.36 5.24 1.2 13.54000 3.88000 95% (10.22, 16.87) 11.04 38 p < 0.001
HCR 20 136.82 1.63 0.37 13.54000 3.88000 99% (11.06, 16.03) 11.04 38 p < 0.001
Chrome 20 137.42 1.08 0.24 3.90500 0.96900 95% (3.285, 4.525) 12.75 38 p < 0.001
HCR 20 133.52 0.841 0.19 3.90500 0.96900 99% (3.074, 4.736) 12.75 38 p < 0.001
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Descriptive Statistics Estimation for Difference
Tone Cylinder
Value Type N Mean StDev SE Mean Difference Pooled StDev T-Value DF P-Value
Chrome 20 95% 38 p < 0.001
HCR 20 99% 38 p < 0.001
Chrome 20 143.21 2.55 0.57 6.99000 2.03400 95% (5.688, 8.292) 10.87 38 p < 0.001
HCR 20 136.22 1.32 0.3 6.99000 2.03400 99% (5.246, 8.734) 10.87 38 p < 0.001
Chrome 20 130.53 0.996 0.22 -3.69500 1.26300 95% (-4.504, -2.886) -9.25 38 p < 0.001
HCR 20 134.22 1.48 0.33 -3.69500 1.26300 99% (-4.778, -2.612) -9.25 38 p < 0.001
Chrome 20 131.06 1.16 0.26 -0.74500 1.01700 95% (-1.396, -0.094) -2.32 38 0.026
HCR 20 131.8 0.85 0.19 -0.74500 1.01700 99% (-1.617, 0.127) -2.32 38 0.026
Chrome 20 130.07 1 0.22 -0.80000 1.01300 95% (-1.448, -0.152) -2.50 38 0.017
HCR 20 130.87 1.02 0.23 -0.80000 1.01300 99% (-1.669, 0.069) -2.50 38 0.017
C30% 
Test Statistic 
CI for Difference
C2%
C5%
C10%
C20%
Descriptive Statistics Estimation for Difference
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Visual Assessment 
Visual assessment metrics include: Smallest Printable Dots, Smoothness of 
Gradients, and Quality of Natural Images. Data from these assessments are 
presented in Figures 45, 46 and Tables 44-47. 
 Smallest Printable Dots. In order to assess the ability of Chrome and HCR 
Type1 cylinders to print small dots, a 2% tone was printed using both cylinder 
technologies. The BetaFlex3Pro was used to capture dots for assessment. Both 
Proof and Press prints were assessed following the procedure outlined in the 
Appendix B1.3. The images used for assessment can be found in the Appendix 
D1. Assessment results are summarized in Figures 45 and 46.  
Proof Prints 
2% Dot Assessment 
Chrome Cylinder HCR Type 1 Cylinder 
K Y M C K Y M C 
Excellent         
Fair         
Poor         
Not Printable         
 
Figure 45. Assessment of 2% Dots in Proof Prints. Prints of 2% dots were made 
using Chrome and HCR Type 1 cylinders on a proofing press. Printed dots were 
assessed using a BetaFlex3Pro. Observed dot quality is indicated by black 
squares (Excellent – clear, dark dots; Fair – a mix of dark and ghost dots; Poor – 
a mix of ghost dots and missing dots; Not Printable – virtually all dots are 
missing).  
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Press Prints 
2% Dot Assessment 
Chrome Cylinder HCR Type 1 Cylinder 
K Y M C K Y M C 
Excellent         
Fair         
Poor         
Not Printable         
 
Figure 46. Assessment of 2% Dots in Press Prints. Prints of 2% dots were made 
using Chrome and HCR Type 1 cylinders on the Mondi press. Printed dots were 
assessed using a BetaFlex3Pro. Observed dot quality is indicated by black 
squares (Excellent – clear, dark dots; Fair – a mix of dark and ghost dots; Poor – 
a mix of ghost dots and missing dots; Not Printable – virtually all dots missing).  
 
Based on the data presented in these figures, the quality of dots printed using 
Type 1 HCR cylinders is consistently generally higher (sometimes much higher) 
than the quality of 2% dots printed using Chrome cylinders. 
 Smoothness of Gradients. Proof and press prints of cyan, magenta, 
yellow, and black gradients were prepared using Chrome and HCR Type 1 
cylinders. Prints were visually evaluated for gradient smoothness and print 
defects to award ratings as described in Appendix B2.1. The ratings awarded to 
Proof prints are summarized in Table 44. 
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Table 44. Visual Analysis of Gradients Printed on Proofing Press 
Cylinder  
Type 
Process 
Color 
Gradient  
 Proofing Press 
Overall 
Rating Missing 
Dot Banding 
Doctor 
Blade 
Streaks 
Fade to 
White 
Other 
Defects 
Chrome 
K   High None None Marginal None Good 
Y   Less None None Good None Excellent 
M   Less None None Good None Excellent 
C   Less None None Good None Excellent 
HCR 
Type 1 
K   Less None None Good None Excellent 
Y   Less None None Good None Excellent 
M   Less None None Good None Excellent 
C   Less None None Good None Excellent 
 
Examination of Table 44 leads to the following observations: 
• HCR Type 1 and Chrome cylinders are both capable of producing high-
quality gradients. 
• For Black, HCR’s superior ability to print small dots (black is printed with a 
233 lpi screen) results in better gradients. 
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The ratings awarded Press prints are summarized in Table 45. 
 
Table 45. Visual Analysis of Gradients Printed on Production Press 
Cylinder  
Type 
Process 
Color 
Gradient  
 Production Press 
Overall 
Rating Missing 
Dot Banding 
Doctor 
Blade 
Streaks 
Fade 
to 
White 
Other 
Defects 
Chrome 
K   High None Visible Poor None Ok 
Y   Less None Visible Good None Good 
M   Less None Visible Good None Good 
C   Less None Visible Good None Good 
HCR 
Type 1 
K   Less None Less Visible Good None Excellent 
Y   Less None Less Visible Good None Excellent 
M   Less None Less Visible Good None Excellent 
C   Less None Less Visible Good None Excellent 
 
 Examination of Table 45 leads to the following observations: 
• On a production press, HCR Type 1 cylinders produced higher 
quality gradients than Chrome cylinders. 
• The quality of black gradients printed using HCR Type 1 cylinders is 
much better than the quality of black gradients printed using Chrome 
cylinders. HCR’s superior ability to print small dots (black is printed 
with a 233 lpi screen) is a major factor contributing to this 
improvement. 
 Natural images. The ISO 12640-1 “Wine and Tableware” (N4) and ISO 
12640-1 “Bicycle” (N5) SCID images described in Chapter 3 were printed using 
Chrome and HCR Type 1 cylinders on proofing and production presses. The print 
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samples were visually evaluated for legibility, smoothness, sharpness, image 
detail, and print defects to award rating as described in Appendix B2.2. The 
ratings awarded to Proof and Press prints are summarized in Tables 46 and 47 
respectively. 
 
Table 46.Visual Analysis of Natural Images Printed on a Gravure Proofing Press 
ISO SCID 
Image 
Cylinder 
Type 
 Proofing Press 
Overall 
Rating 
Legibility 
Tone 
Smooth-
ness 
Edge 
Sharp-
ness 
Image 
Detail 
Print 
Defects 
 “Bicycle” 
(N5)  
Chrome Excellent Good Good Missing Fine Line None Good 
HCR 
Type 1 Excellent Good Good Good None Good 
“Wine and 
Tableware” 
(N4)  
Chrome NA Good Good Excellent None Good 
HCR 
Type 1 NA Good Good Excellent None Good 
 
 At the top of the ISO Bicycle image, a series of fine diagonal lines fade to 
white. In Proof prints of the ISO Bicycle image, the Chrome cylinder failed to print 
these lines, while the HCR Type 1 cylinder reproduced them successfully. The 
images were otherwise identical, and both were awarded a rating of Good. In 
Proof prints of the ISO Wine and Tableware image, Chrome and HCR Type 1 
cylinders performed identically, and both were awarded a rating of Good.  
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Table 47. Visual Analysis of Natural Images Printed on Production Press 
ISO SCID 
Image 
Cylinder 
Type 
 Production Press 
Overall 
Rating Legibility 
Tone 
Smooth-
ness 
Edge 
Sharp-
ness 
Image 
Detail 
Print 
Defects 
 “Bicycle” 
(N5)  
Chrome Excellent Good Good Missing Fine Line 
Noticeable 
Missing 
Dots 
Good 
HCR 
Type 1 Excellent Good Excellent Excellent 
Few 
Missing 
Dots 
Excellent 
“Wine and 
Tableware” 
(N4)  
Chrome Excellent Good Good Excellent 
Noticeable 
Missing 
Dots 
Good 
HCR 
Type 1 Excellent Good Excellent Excellent 
Few 
Missing 
Dots 
Excellent 
 
 In Press prints, HCR Type 1 cylinders continued to demonstrate superior 
ability to print the ISO Bicycle fine lines. In addition, the number of missing dots 
in highlight areas was noticeably reduced when using HCR Type 1 cylinders 
compare to Chrome. Finally, the use of HCR Type 1 (vs Chrome) cylinders 
enhanced edge sharpness. Images printed with HCR Type 1 cylinders had 
darker, sharper edges due to the superior ability of these cylinders to print fine 
black dots. Based on these findings, Chrome Press prints were awarded an 
overall rating of Good while the HCR Type 1 Press prints were awarded a rating 
of Excellent. 
 For Press prints of the ISO Wine and Tableware image, the quality of 
images printed using HCR Type I cylinders was superior to the quality of images 
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printed with Chrome cylinders. On this image, HCR Type 1 prints had fewer 
missing dots and sharper edges. In addition, these prints demonstrated excellent 
tone smoothness. Based on these findings, Chrome Press prints were awarded 
an overall rating of Good while the HCR Type 1 Press prints were awarded a 
rating of Excellent. 
 
Presentation and Discussions of Test 2 Results 
 Test 2 results answer a large part of the question, “How do proof and 
press prints made using Conventional Chrome and HCR Type 2 gravure 
cylinders compare in terms of image quality when cylinders are new?” In order to 
answer this question, a single color test layout was designed. The layout includes 
Line Width Targets oriented at 00, 80 and 900 to the cross-machine direction, 
Radiating Concentric Guilloche Patterns, and a Minimum Type Size Target. This 
layout was engraved on Chrome and HCR Type 2 cylinders. Subsequently, the 
cylinders were proofed on the Gravure Proofing Press. The reason that the 
present research answers only part of the research question is that press prints 
were not available for analysis. Thus, the results presented in this section are 
based on proofs alone rather than on proofs and press prints. 
 Data generated from these proofs are presented and discussed by image 
attribute. The first section presents, analyzes and discusses quantitative 
attributes. The second section presents and discusses qualitative (visual) 
assessment data. 
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Quantitative Data 
 Quantitative image attributes include line width conformance to the 
specified width, line raggedness, and Guilloche consistency. Data for each 
attribute is presented and analyzed by specified width wherever multiple widths 
were used to access performance. 
 Presentation and analysis of line width conformance data. Line width data 
was generated by measuring a line width target printed at 00 orientation to the 
cross-machine direction using the measurement steps outlined in Appendix A1.2. 
Assessment results are summarized in Table 48 and Figure 47. 
 
Table 48. Line Conformance to Spec on Proof Prints (Chrome vs HCR Type 2) 
 
Print 
O
rientation  
Target 
 Line Width 
Chrome HCR Type 2 
Average 
Measured Line 
Width µm (N=20) 
∆Width 
Average Measured 
Line Width µm 
(N=20) 
∆Width 
Point µm 
00 
1 355.6 408.99 53.39 432.86 77.26 
0.75 254.0 344.76 90.76 367.42 113.42 
0.50 177.8 221.32 43.52 250.26 72.46 
0.25 76.2 126.58 50.38 150.58 74.38 
0.125 50.8 NM NM NM NM 
Note. NM=not measurable 
Table 48 assesses conformance of printed line widths to the widths 
specified in the target. As this table shows, HCR Type 2 cylinders print wider 
lines than Chrome cylinders. This is due to the characteristics of HCR coating 
which release more ink from an identically engraved cylinder. Visually, line 
appearance on HCR Type 2 samples is better than for Chrome samples. 
 123 
 Figure 47 shows this result graphically. Printed line widths are displayed 
showing the degree of conformance achieved using Chrome and HCR cylinders 
for print each specified line width. 
 
Figure 47. Line Width Conformance Analysis. To analyze the line width 
conformance, the 1, 0.75, 0.50, 0.25, 0.125 point lines on the proof were 
measured at 20 different locations using the BetaFlex3Pro to generate line width 
data. The results were plotted as a line chart. On the X-axis of the chart, the 
measurement points are identified as Tgt1, Tgt2...etc. The Y-axis shows line 
width values in micrometer. Specified widths are shown as horizontal lines. 
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 Presentation and analysis of line raggedness data. Line raggedness data 
was generated by measuring line width targets printed at 80 and 900 orientation 
to the cross-machine direction using the measurement steps outlined in 
Appendix A1.2.3. Table 49 compares Chrome and HCR Type 2 line raggedness 
data measured on proof prints for each of the line widths printed. In the table, 
data for 8 degree and 90 degree orientations are shown in separate sections. 
 
Table 49. Line Raggedness in Proofs (Chrome vs HCR Type 2) 
Print 
Orienta-
tion 
Target 
Line 
Width 
in Point 
Chrome HCR Type 2 
HCR Type 2 
vs Chrome 
Average 
Raggedness % 
Above the Line 
(N=20) 
Average 
Raggedness % 
Below the Line 
(N=20) 
Average 
Raggedness % 
Above the Line 
(N=20) 
Average 
Raggedness % 
Below the Line 
(N=20) 
80  
1 118.90 144.66 117.38 140.60 Same 
0.75 121.59 152.60 115.60 127.23 Better 
0.5 123.94 148.25 118.18 143.02 Same 
0.25 121.94 147.12 117.04 139.26 Same 
0.125           NM         NM 138.98 181.08 Much Better 
           
900  
1 107.39 106.77 109.39 108.23 Same 
0.75 108.58 107.02 109.55 108.41 Same 
0.5 107.51 107.65 108.81 108.19 Same 
0.25 107.57 107.35 108.88 108.22 Same 
0.125  Line is missing in the Target Line is missing in the Target  
Note. NM=not measurable 
Examination of Table 49 leads to the following observations:  
• HCR Type 2 and Chrome cylinders produced lines with nearly identical 
raggedness values when line width targets are oriented at 900. 
• For line width targets oriented at 80 to the cross-machine direction, HCR 
Type 2 cylinders reproduced lines with less raggedness on the upper and 
the lower edges than the lines printed using Chrome cylinders. 
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 Presentation and analysis of Guilloche line with consistency data. Table 
50 presents Guilloche consistency data measured in terms of total 
variation/average line width. Both Chrome and HCR printed lines show a low 
degree of inconsistency (11% for Chrome, 2% for HCR). Nevertheless, Guilloche 
lines printed using HCR cylinders are more consistent and are judged to be 
slightly better.  
 
Table 50. Guilloche Consistency in Proofs (Chrome vs HCR Type 2) 
Print 
O
rientation  
Measured 
Location on 
Guilloche 
Pattern 
Chrome  HCR Type 2 
HCR 
Type 2 
vs 
Chrome 
Measured Average Line 
Width µm (N=20) 
Measured Average Line 
Width µm (N=20) 
00 
Top 206.07 206.02  
Bottom 199.71 208.06  
Left 212.23 210.93  
Right 222.20 207.83  
Total Average Value 210 208 
Better Overall Variations 
[(Max-Min)/Total Avg.] 11% 2% 
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Visual Assessment 
 Visual assessment metrics include: thinnest consistently printable positive 
lines, plugging and printability of reverse printed lines, guilloche line consistency, 
and minimum consistently printable font sizes for positive and negative type. 
Visual analyses for these metrics are presented are presented in Tables 51-56. 
 Conformance to specified line width. Table 51 is a visual assessment of 
the line target used to measure Line Width Conformance to Specification. 
Quantitatively, HCR printed lines were wider than their Chrome counterparts (see 
Table 48) which was negative for conformance to specified line width. Table 51, 
on the other hand, demonstrates the positive effect of printing wider lines on 
visual appearance. As this table shows, the thinnest HCR printed lines (1/4 and 
1/8 point) were noticeably darker and more saturated. 
 
Table 51. Line Conformance to Spec on Proof Prints (Chrome vs HCR Type 2) 
Print 
Orientation 
Target Line Width Chrome HCR Type 2 HCR Type 2 vs Chrome Point µm 
00 
1 355.6 Dark Lines Saturated Dark Lines Better 
0.75 254.0 Dark Lines Saturated Dark Lines Better 
0.50 177.8 Dark Lines Dark Lines Same 
0.25 76.2 Light Lines Dark Lines Much Better 
0.125 50.8 Very Light Lines Light Lines Better 
 
 Thinnest printable positive and negative lines. Table 52 shows the results 
of visually assessing line targets printed at 00, 80, and 900 to determine the 
printability of thin positive lines. 
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Table 52. Thinnest Printable Positive Lines in Proofs (Chrome vs HCR Type 2) 
Print 
O
rientation  
Target 
Positive 
Line 
Width in 
Point 
Chrome HCR Type 2  
Line Print 
Quality Comment 
Line Print 
Quality Comment 
HCR Type 2 
vs Chrome 
00   
1 Printed 
Strong 
Line is dark and 
visible 
Printed Dark 
and Strong 
Line is dark, 
saturated and 
visible 
Identical 
0.75 Printed 
Strong 
Line is dark and 
visible 
Printed Dark 
and Strong 
Line is dark, 
saturated and 
visible 
Identical 
0.50 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark, 
saturated and 
visible 
Identical 
0.25 Printed 
Moderately 
Weak 
Line is dark and 
visible 
Printed Normal Line is dark 
and visible 
Identical 
0.125 Printed 
Very Weak 
Line is light and 
hardly visible 
Moderately 
Weak 
Line is light 
and visible 
Better 
     
 
80  
1 Printed 
Strong 
Line is dark and 
visible 
Printed Dark 
and Strong 
Line is dark, 
saturated and 
visible 
Identical 
0.75 Printed 
Strong 
Line is dark and 
visible 
Printed Dark 
and Strong 
Line is dark, 
saturated and 
visible 
Identical 
0.50 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark, 
saturated and 
visible 
Identical 
0.25 Printed 
Moderately 
Weak 
Line is dark and 
visible 
Printed Normal Line is dark 
and visible 
Better 
0.125 Printed 
Very Weak 
Line is light and 
hardly visible 
Moderately 
Weak 
Line is light 
and visible 
Better 
       
900 
1 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark 
and visible 
Identical 
0.75 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark 
and visible 
Identical 
0.50 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark 
and visible 
Identical 
0.25 Printed 
Strong 
Line is dark and 
visible 
Printed Strong Line is dark 
and visible 
Identical 
0.125 NA Missing Line in 
the Target 
NA Missing Line 
in the Target 
NA 
Note. NA=not applicable 
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 As Table 52 shows, at an orientation of 00, Chrome and HCR cylinders 
printed identically for all but the thinnest positive line. For the 1/8 point line, 
however, HCR cylinders printed lines were more visible and judged to be better.  
When line targets were printed at 80, 1/4 and 1/8 point, HCR printed lines were 
darker and judged to be better. Finally, all lines printed identically at 900. 
Unfortunately, the 1/8 point line was not engraved on the 900 target, so data for 
this width and orientation are missing. Overall, Table 52 demonstrates that HCR 
cylinders are able to print thinner positive lines better than Chrome cylinders. 
 Table 53 assesses the thinnest printable negative lines. For negatively 
printed lines, the primary concern is plugging (loss of line detail as ink at the 
edges of the line invades the non-print area representing the line itself). As Table 
53 shows, at an orientation of 900, Chrome and HCR cylinders printed identically 
for all but the thinnest positive lines. For 1/4 and 1/8 point lines, however, HCR 
cylinders were more prone to plug negative lines and were judged to be worse. 
At 00 and 80, Chrome and HCR printed identically. Overall, HCR cylinders are 
slightly less capable of printing thin negative lines than Chrome cylinders, and 
HCR lines were judged to be slightly worse. 
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Table 53. Thinnest Printable Reverse Lines in Proofs (Chrome vs HCR Type 2) 
Print 
O
rientation  
 
Target 
Line 
Width 
in 
Points 
Chrome HCR Type 2 
HCR 
Type 2 
vs 
Chrome 
Negative 
Line Print 
Quality 
Comment 
Negative 
Line Print 
Quality 
Comment 
00  
1 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.75 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.50 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.25 Partial 
Plugging 
Dotted White 
Lines 
Total 
Plugging 
Dotted White 
Lines 
Identical 
0.125 Partial 
Plugging 
Very Light Dotted 
Lines 
Total 
Plugging 
Very Light Dotted 
Lines 
Identical 
 
     
 
80  
1 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.75 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.50 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.25 Partial 
Plugging 
Dotted White 
Lines 
Total 
Plugging 
Dotted White 
Lines 
Identical 
0.125 Partial 
Plugging 
Very Light Dotted 
Lines 
Total 
Plugging 
Very Light Dotted 
Lines 
Identical 
900  
      
1 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.75 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.50 No Plugging Clear White Lines No Plugging Clear White Lines Identical 
0.25 Partial 
Plugging 
Light White Lines Total 
Plugging 
Very Light Dotted 
Lines 
Worse 
0.125 Partial 
Plugging 
Light White Lines Total 
Plugging 
Very Light Dotted 
Lines 
Worse 
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 Line width consistency in guilloche patterns. Table 54 summarizes the 
results of analyzing fine Guilloche lines visually. Visual results agree with the 
results of the quantitative assessment: HCR and Chrome cylinders print fine 
Guilloches identically. 
 
Table 54. Guilloche Consistency in Proofs (Chrome vs HCR Type 2) 
Print  
Orientation 
Measured 
Location on 
Guilloche 
Pattern 
Chrome HCR Type 2 HCR 
Type 2 
vs 
Chrome 
Visual Assessment Visual Assessment 
0º 
Top Consistent line patterns Consistent line patterns Identical 
Bottom Consistent line patterns Consistent line patterns Identical 
Left Consistent line patterns Consistent line patterns Identical 
Right Consistent line patterns Consistent line patterns Identical 
 
 Smallest printable positive and negative font size. Table 55 is a visual 
assessment to determine the smallest consistently printable positive font. The 
smallest fonts (0.5 and 1 point) were unreadable. A 2 point font printed legibly 
with some loss of detail in both Serif and Sans Serif type. Thus, 2 points 
represents the smallest consistently readable positive font in these trials. The 4 
point and 6 point fonts were excellent. Overall, HCR and Chrome cylinders print 
small positive fonts identically. 
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Table 55. Minimum Printable Positive Fonts in Proofs (Chrome vs HCR Type 2) 
Text 
Image 
Text 
Size 
in 
Points 
Chrome HCR Type 2 HCR 
Type 2 
vs 
Chrome 
Text Print 
Quality Comments 
Text Print 
Quality Comments 
Positive 
Serif Text 
0.5 Not Good Text is broken and 
not readable 
Not Good Text is broken 
and not readable 
Identical 
1 Not Good Text is broken and 
not readable 
Not Good Text is broken 
and not readable 
Identical 
2 Good Text is readable, 
missing detail in 
Serif fonts 
Good Text is readable, 
missing detail in 
Serif fonts 
Identical 
4 Excellent Text is legible Excellent Text is legible Identical 
6 Excellent Text is legible Excellent Text is legible Identical 
         
Positive 
Sans 
Serif Text 
0.5 Not Good Text is broken and 
not readable 
Not Good Text is broken 
and not readable 
Identical 
1 Not Good Text is broken and 
not readable 
Not Good Text is broken 
and not readable 
Identical 
2 Good Text is readable, 
but missing some 
details 
Good Text is readable, 
but missing some 
details 
Identical 
4 Excellent Text is legible Excellent Text is legible Identical 
6 Excellent Text is legible Excellent Text is legible Identical 
 
 Table 56 examines the question of “What is the smallest consistently 
printable negative font?” In this case, 0.5, 1 and 2 point fonts were unreadable. A 
4 point font printed legibly with some loss of detail in both Serif and Sans Serif 
type. Thus, 4 points represents the smallest consistently readable negative font 
in these trials. Overall, HCR and Chrome cylinders print small negative fonts 
identically. 
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Table 56. Minimum Printable Negative Fonts in Proofs (Chrome vs HCR Type 2) 
Text 
Image 
Text 
Size 
in 
Points 
Chrome HCR Type 2 HCR 
Type 2 
vs 
Chrome 
Text Print 
Quality Comments 
Text Print 
Quality Comments 
Negative 
Serif Text 
0.5  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
1  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
2  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
4  Good Text is legible with 
some plugging and 
missing detail in 
Serif fonts 
 Good Text is legible with 
some plugging and 
missing detail in 
Serif fonts 
Identical 
6  Good Text is readable 
with some lost 
details in serif fonts 
Good Texts is readable 
with some lost 
details in serif fonts  
Identical 
      
Negative 
Sans 
Serif Text 
0.5  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
1  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
2  Not Good Text is not readable 
due to plugging 
 Not Good Text is not readable 
due to plugging 
Identical 
4  Marginal Text is legible with 
some plugging and 
missing detail in 
Serif fonts 
 Marginal Text is legible with 
some plugging and 
missing detail in 
Serif fonts 
Identical 
6  Good Texts are readable 
with some lost edge 
details of text due to 
plugin 
 Good Texts are readable 
with some lost edge 
details of text due to 
plugin 
Identical 
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Chapter 7 : 
Summary and Conclusions 
 This chapter begins with a discussion of research conclusions, followed by 
implications and opportunities for further research. 
 
Research Conclusions 
 The objective of the present research was to compare the image quality 
Conventional Chrome, HCR Type 1, and HCR Type 2 cylinders when cylinders 
are new. 
In order to fulfill this objective, image quality was assessed in terms of dot 
quality (density, dot structure, smallest printable dot), line quality (conformance to 
specified width, plugging of reverse printed lines, minimum consistently printable 
line widths, line raggedness, guilloche line consistency), and text quality 
(minimum consistently printable font sizes for positive and negative type). Tables 
57-63 summarize the principal findings of the research. Table 57 summarizes 
Dot Quality results. Table 58 addresses the question of how well proof prints 
predict image quality in production press prints. Tables 59-61 summarize Line 
Quality. Finally, Tables 62-63 summarize Text Quality. Each table is followed by 
research conclusions based on the findings presented.  
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Table 57. Dot Quality in Production Press Samples (Chrome vs HCR Type 1) 
Quality Metric 
Production Press Prints  HCR vs Chrome 
Conventional 
Chrome 
HCR 
Type 1  
Quantitative 
Assessment 
Visual  
Assessment 
Density      
100% K 1.94 2.14  Much Better Rich, saturated with enhanced image detail 
100% Y 1.22 1.29  Same Same 
100% M 1.51 1.66  Much Better Rich and saturated 
100% C 1.35 1.56  Much Better Rich and saturated 
10-75% Tones See Chapter 6 Results Much Better Rich and saturated 
Dot Area      
2% K NM NM  Same Visually identical 
2% Y 997.95 1632.30  Better Visually bigger 
2% M NM 384.05  Much Better Prints real vs shadow dots 
2% C NM 498.50  Much Better Prints real vs shadow dots 
Dot Edge Factor      
30% K 124.75 130.97  ~Equal Visually identical 
30% Y   130.035 130.28  Same Visually identical 
30% M   128.015 127.80  Same Visually identical 
30% C 130.07 130.87  Same Visually identical 
Note. NM = not measurable 
The overall conclusion is that the quality of HCR printed dots is 
significantly better than the quality of Conventionally printed dots.  
In terms of density, HCR solids exhibit superior density compared to 
Chrome solids. The density values obtained for Chrome samples were typical of 
conventional gravure printing; the densities achieved in HCR samples were 
exceptional and impressive. Visual analysis revealed that HCR’s higher black 
densities resulted in increased sharpness in the highlight and shadow areas. 
These results strongly support the conclusion that HCR densities outperform 
Chrome densities for samples printed using the same screens, engraving 
methods, ink formulations, and press conditions.  
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 Dot surface area measurements demonstrate the physical basis for HCR’s 
superior density. For extreme highlights (2% dots), Magenta HCR dots were 
larger than chrome dots. In two other cases (Cyan and Yellow), HCR dots were 
dense and measurable, while Chrome dots were too light to be measured. This is 
partially because the volume of HCR cells after coating is higher than the volume 
of Chrome cells due to the decreased thickness of the protective coating (1-2 
microns for HCR versus 8-10 microns for Chrome). In terms of the Dot Edge 
Factor, the difference between HCR and Chrome was not significant. Visual 
analysis of the gradients confirmed this finding (visually identical). 
 
Table 58. Dot Quality of Proof vs Press Prints (Chrome vs HCR Type 1) 
Quality Metric 
Proof Prints       Production Prints  Common Print 
Predictions in Proof and 
Press  Chrome 
HCR 
Type 1  Chrome 
HCR 
Type 1 
 
Density         
    100% K 1.87 2.21  1.94 2.14  
 
HCR proof densities 
predict production results 
(higher HCR densities for 
both). 
    100% Y 1.31 1.42  1.22 1.29  
    100% M 1.26 1.38  1.51 1.66  
    100% C 1.04 1.19  1.35 1.56  
Dot Area (µm2)         
    2% K NM NM  NM NM  Dot Area values of HCR 
printed dots are higher 
than Chrome for both 
proof and press. 
    2% Y 128.35 152.47  997.95 1632.30  
    2% M 118.06 137.81  NM 384.05  
    2% C NM NM  NM 498.50  
Dot Edge Factor          
    30% K 150.84 134.08  124.75 130.97  The smoothness of 
Chrome and HCR 
printed dots are identical 
for proof and press. 
    30% Y 129.53 129.08  130.035 130.28  
    30% M 131.66 128.98  128.015 127.80  
    30% C 137.43 133.52  130.07 130.87  
Note. NM = not measurable 
 136 
 Table 58 addresses the question of proof to press consistency. Overall, 
proof samples performed well in predicting the results observed on a production 
press. In all cases (densities, dot areas, and dot edge factors) the proof predicted 
the relative performance of Chrome and HCR samples observed on the press 
prints. For densities and dot areas, the superior performance of HCR cylinders 
observed on the proof was mirrored on the press. Dot edge factor results for 
Chrome and HCR dots were nearly equal for proof samples, and this 
performance was mirrored on press prints. However, it should be noted the 
densities and dot areas observed on press samples were generally higher their 
counterparts on the proof samples. 
 Turning next to Line and Text quality, the present research is based on 
proof prints (as opposed to production press prints) because production press 
prints were not available. The researcher believes that the results are predictive 
of production press results because of 1) the demonstrated ability of proofs to 
predict the relative performance of HCR Type 1 and Chrome cylinders when 
printing dots and 2) the fact that densities measured on HCR Type 2 proofs are 
aligned with their counterparts on HCR Type 1 proofs.  
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Table 59. Line Width Conformance in Proof Prints (Chrome vs HCR Type 2) 
Print 
O
rientation 
Target Line 
Width 
Chrome  HCR Type 2 
Average 
Measured 
Line Width 
µm (N=20) 
Δ Width 
Visual 
Assess-
ment 
Average 
Measured 
Line Width 
µm (N=20) 
Δ Width 
Visual 
Assess-
ment Point µm 
00 
1 355.6 408.99 53.39 Dark Lines 432.86 77.26 
Saturated 
Dark Lines 
0.75 254.0 344.76 90.76 Dark Lines 367.42 113.42 
Saturated 
Dark Lines 
0.50 177.8 221.32 43.52 Dark Lines 250.26 72.46 Dark Lines 
0.25 76.2 126.58 50.38 Light Lines 150.58 74.38 Dark Lines 
0.125 50.8 NM NM Very Light Lines NM NM Light Lines 
Note. NM=not measurable 
 
 Four quality metrics were used to assess line quality for straight lines: 
Conformance to Specified Line Width, Thinnest Printable Positive Line, Thinnest 
Printable Negative Line, and Line Raggedness. Table 59 summarizes the results 
for conformance to specified line width. As already noted, the results when using 
HCR cylinders to print lines mirrored the results observed when printing dots: 
HCR printed wider lines just as it printed larger dots. Visually this resulted in 
darker more saturated lines. However, in terms of conformance to specified line 
width, the difference between actual and specified line width is greater for HCR 
printed lines compared to the difference observed when using Chrome cylinders. 
If conformance to specified line width were required, HCR engraving specs would 
have to be adjusted to compensate for the improvement in ink release associated 
with using the HCR coating. 
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Table 60. Minimum Line Width & Raggedness in Proofs (Chrome vs HCR Type2) 
 Line 
Width Chrome HCR Type 2 HCR Type 2 vs Chrome 
Thinnest Printable Positive Line 
1 0º, 8º and 90º lines - dark and 
visible 
0º, 8º and 90º lines - dark and 
visible 
Identical 
0.75 0º, 8º and 90º lines - dark and 
visible 
0º, 8º and 90º lines - dark and 
visible 
Identical 
0.50 0º, 8º and 90º lines - dark and 
visible 
0º, 8º and 90º lines - dark and 
visible 
Identical 
0.25 0º and 8º lines - less weak,  
90º lines - dark and visible 
0º and 8º lines - less weak,  
90º lines - dark and visible 
Identical 
0.125 0º and 8º lines are very weak 0º and 8º lines - less weak. Better 
Plugging of Reverse (Negative) Printed Lines 
1 0º, 8º and 90º lines - clear Same Identical 
0.75 0º, 8º and 90º lines - clear Same Identical 
0.50 0º , 8º and 90º lines - clear Same Identical 
0.25 0º, 8º lines – dotted (near total 
plugging), 90º lines – light white 
0º, 8º lines – dotted (near total 
plugging), 90º lines – (Very 
light white) 
0º, 8º lines - Identical 
90º lines - Worse 
0.125 0º, 8º lines – dotted (near total 
plugging), 90º lines – light white 
0º, 8º lines – dotted (near total 
plugging), 90º lines – (Very 
light white) 
0º, 8º lines - Identical 
90º lines - Worse 
Raggedness of Fine Lines (8º raggedness/90º  raggedness;  Smaller = Better) 
1 Top: 1.11 – Bottom: 1.35 Top: 1.07– Bottom: 1.30 
Better 
(90º raggedness identical) 
0.75 Top: 1.12 – Bottom: 1.43 Top: 1.06 – Bottom: 1.23 
Better 
(90º raggedness identical) 
0.50 Top: 1.15 – Bottom:  1.38 Top: 1.09 – Bottom: 1.32 
Better 
(90º raggedness identical) 
0.25 Top: 1.13 – Bottom: 1.37 Top: 1.07– Bottom: 1.29 
Better 
(90º raggedness identical) 
0.125 N/A N/A N/A 
 Table 60 summaries results for three additional line performance metrics. 
In terms of ability to print fine positive lines, HCR is slightly better. HCR 
outperformed Chrome when printing 1/8 point lines, but the observed difference 
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was small. For negative lines, the situation is reversed, with Chrome having a 
slight advantage when printing 1/4 and 1/8 point lines. For 1 point, 3/4 point, and 
1/2 point lines, Chrome and HCR performed identically when printing both 
positive and negative lines. Finally, HCR outperformed Chrome in terms of 
raggedness. In gravure, raggedness is created in part by the doctor blade 
dragging ink out of cells. The impact of ink drag is minimized when printing 90º 
lines (where the doctor blade drags ink from one cell into another) and is 
maximized when printing low angle lines (the ISO standard is 8º). Thus, 
raggedness is assessed using the ratio of 8º raggedness to 90º raggedness. 
Since this metric measures the degree of deterioration in raggedness associated 
with printing difficult lines, low numbers indicate better performance. For 90º 
lines, Chrome and HCR cylinders performed identically. However, the ratio of 8º 
to 90º raggedness favored HCR cylinders (1.06-1.32 for HCR versus 1.11-1.43 
for Chrome).  
 Result for highly curved lines were assessed using Guilloche patterns.  
Table 61 demonstrates that HCR Type 2 performed better than Chrome in terms 
of overall variation, but visual results did not show a noticeable difference. 
Table 61. Line Quality of Proof Print Guilloche Patterns (Chrome vs HCR Type 2) 
Location Chrome HCR HCR vs Chrome 
Overall Variation 11% 2% Better 
Visual-Top Consistent line patterns Consistent line patterns Identical 
Visual-Bottom Consistent line patterns Consistent line patterns Identical 
Visual-Left Consistent line patterns Consistent line patterns Identical 
Visual-Right Consistent line patterns Consistent line patterns Identical 
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 Tables 62 compares Chrome and HCR in terms of ability to print small 
positive text. As Table 62 shows, Chrome and HCR cylinders performed equally. 
Table 62. Min Printable Positive Fonts on Proofs (Chrome vs HCR Type 2) 
  Attribute Chrome HCR HCR vs Chrome 
1 Point 
 
Positive Serif & Sans Serif 
text are broken and are not 
readable. 
Positive Serif & Sans Serif 
text are broken and are not 
readable. 
Identical 
 
2 Point 
 
 
Text is readable - missing 
some details in Serifs and 
Sans Serif fonts. 
Text is readable - missing 
some details in Serifs and 
Sans Serif fonts. 
Identical 
 
4 Point 
 
 
Text is readable - missing 
some details in Serifs and 
Sans Serif fonts. 
Text is readable - missing 
some details in Serifs and 
Sans Serif fonts. 
Identical 
 
6 Point 
 
 
Positive Serif and Sans 
Serif text are readable. All 
details are visible. 
Positive Serif and Sans 
Serif text are readable. All 
details are visible. 
Identical 
 
 
Table 63. Min Printable Negative Fonts on Proofs (Chrome vs HCR Type 2) 
 Proof Print Samples 
HCR vs Chrome 
  Attribute Chrome HCR 
1 Point 
 
 
Negative Serif & Sans Serif 
text is plugged and not 
readable. 
Negative Serif & Sans Serif 
text is plugged and not 
readable. 
Identical 
2 Point 
 
 
Negative Serif & Sans Serif 
text are plugged and not 
readable. 
Negative Serif & Sans Serif 
text are plugged and not 
readable. 
Identical 
4 Point 
 
 
 
Negative Serif and Sans 
Serif texts is readable. Serif 
fonts have some missing 
details. 
Negative Serif and Sans 
Serif texts is readable. Serif 
fonts have some missing 
details. 
Identical 
6 Point 
 
 
 
Negative Serif & Sans Serif 
text is readable. Some loss 
of detail in Serif text 
Negative Serif & Sans Serif 
text is readable. Some loss 
of detail in Serif text. 
Identical 
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 Finally, Table 63 compares Chrome and HCR in terms of image quality 
when printing negative text. For negative text, results were identical. Overall, 
Chrome and HCR cylinders performed equally when printing small text. 
 
Implications 
 Based on the results just discussed, HCR can achieve higher relative 
density values compared to Chrome for identically engraved cylinders printed 
using identical print conditions. This observation indicates that fully formulated 
ink could be mixed with extender to match Chrome solid ink densities when 
printing with HCR cylinders. However, extender is significantly less expensive 
than fully formulated ink, so adding extender simultaneously lowers ink cost. The 
resulting cost reduction would further improve the overall competitiveness of 
gravure printing compare to flexographic printing. 
 In Chrome cylinders, the friction created by a steel doctor blade scraping a 
chrome cylinder surface (COF=2.0) would weld the doctor blade to the cylinder in 
the absence of lubrication. To prevent this outcome, Chrome coatings are 
electroplated using process conditions that create microcracks in the chrome 
surface. Wet ink in these cracks lubricates the doctor blade/cylinder interface and 
greatly reduces frictional heating. Nevertheless, the ink in the microcracks must 
be dried before it reaches the impression nip or it will create a print defect known 
as hazing. Unfortunately, the conditions required to dry ink in the microcracks 
also dry ink in small cells.  
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 The coefficient of friction between the doctor blade and HCR cylinders is 
reduced to 0.1. This means that the doctor blade/cylinder interface no longer 
requires lubrication to prevent excessive heat build-up and the need for 
microcracks is eliminated. Since drying conditions are no longer constrained by 
the need to dry ink in microcracks, the distance between the doctor blade and 
impression nip can be reduced. This enables ink in small cells to remain wet and 
printable, thus enabling smaller dots to be printed reliably. Improving the ability of 
Gravure to print smaller dots would improve its image quality and further 
contribute to it regaining market share from flexography.  
 Governments, especially in Europe, have been tightening regulatory 
requirements associated with the use of chrome. This trend is expected to 
continue and could result in a ban on using chrome to plate gravure cylinders. 
Even tighter regulations have the potential to make it difficult for engravers, trade 
houses, and printers to run their businesses smoothly. For example, simply 
maintaining auditable logs of material and process data related to chrome 
plating, together with maintaining fully documented training and certification 
records for employees working with Chrome would be a major burden 
(Environmental Protection Agency, 2012; Chromium Electroplating: National 
Emission Standards for Hazardous Air Pollutants, 2016; United States 
Department of Labor, n.d.; The question of Chrome Free Gravure, 2018). A ban 
could potentially lead to a total cessation of gravure printing. Because HCR 
coating is an environmentally friendly process which is not regulated, it provides 
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a viable option for engravers, trade houses, and printers to replace Chrome. Up 
to now, this option has been blocked by a lack of real world data concerning the 
performance of HCR versus Chrome. The results of this research demonstrate 
that in terms of image quality, HCR is a better option than Chrome and this could 
potentially accelerate the adoption of HCR. 
 The reason Chrome is the focus of intense regulatory scrutiny is that it is 
known to be toxic to humans and environmentally hazardous. The fumes and 
liquid waste associated with the use of chrome VI in the electroplating process 
are carcinogenic (Health Effects Notebook for Hazardous Air Pollutants, 2017; 
National Institute for Occupational Safety and Health, 1975; Chromic Acid, n.d.). 
Moreover, chrome is not biodegradable so it retains its toxicity in soil, air, and 
water, and is thus capable of causing significant environmental harms. HCR, on 
the other hand, is chemically inert and biocompatible. These environmentally 
friendly credentials (The question of Chrome Free Gravure, 2018) means that 
society as a whole would benefit from its adoption as a Chrome replacement.  
 Historically, most cylinder preparation and engraving has been outsourced 
to a third-parties. This increases the cost if gravure cylinders since the price 
charged must cover the producer’s overhead costs, shipping costs, and profit 
margin. It also extends the lead time required to produce a new order or 
replacement cylinder. Many flexo printers have addressed similar flexo plate 
issues by insourcing flexo plate making. By eliminating the need for chrome 
plating, HCR Type 1 and 2 cylinders open the door for gravure printers to 
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insource cylinder preparation and engraving. Thus, the final implication 
associated with adopting HCR cylinders is that it creates an opportunity for 
Gravure printers to reduce cylinder cost and lead time to the point that the gap 
between flexography and gravure largely eliminated. This, in turn, could 
contribute to Gravure regaining market share and reigniting growth in US (Year 1 
Project review with the European Commission completed, 2018).  
 
Future Research 
The higher densities and superior sharpness demonstrated by HCR Type 
1 cylinders is partially due to the fact that HCR coatings are thinner than Chrome 
coatings. This difference in coating thickness resulted in higher after-coating 
HCR cell volumes compared to identically engraved Chrome cylinders. It would 
be interesting to engrave copper cylinders so after coating cell volumes are 
equalized. In this way, it would be possible to separate the effect of increased 
cell volume from other effects such as enhanced ink release.  
The present research investigated electromechanically engraved HCR 
Type 1 cylinders. Laser engraving cells into the engravable polymer layer of an 
HCR Type 3 cylinder offers an alternative approach which has not been 
investigated in this work. There are reasons to believe that further improvement 
may be possible using this approach. For example, prior research shows that 
Electro Static Assist (ESA) is often needed to improve ink release when using 
electromechanically engraved cells. However, laser engraved cells have shown 
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superior ink release without ESA (Rong & Pekarovicova, 2007). It would be 
interesting to analyze the ink release characteristics of laser engraved HCR Type 
3 cylinders compared to laser engraved zinc cylinders coated with Chrome.  
 This study was limited to investigating the use of HCR cylinders to print 
polymer substrates using solvent-based inks. However, it would be interesting to 
understand how HCR coated cells behave when printing paper substrates and 
when using water-based inks.  
 This research analyzed the image quality of the HCR Type 1 and Type 2 
cylinders compared to Chrome cylinders when cylinders are new. The wear 
resistance of HCR is claimed to be greater than the wear resistance of Chrome 
(Year 1 Project review with the European Commission completed, 2018). It would 
to interesting conduct a wear trial comparing HCR and Chrome cylinders printing 
highly abrasive Titanium Dioxide White ink. 
 In this study, HCR was used as drop-in replacement for Chrome. Thus, 
the HCR cylinders were run without changing process conditions from those 
optimized for Chrome cylinders. Since the need to dry ink in microcracks is 
eliminated when using HCR coated cylinders, it would be interesting to 
investigate the opportunity to further improve HCR print results by adjusting 
process conditions to optimize the performance of HCR technology. 
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Appendix A : 
Quantitative Measurement Protocol 
This appendix describes the protocol for quantitative measurement of 
image features. The BetaFlex3Pro is used to measure Dot Structure, Line 
Features, and Edge Smoothness. Techkon SpectroDens is used to measure 
Densities. All data measured using these instruments is entered in the database 
described in Appendix C. The following sections describe setup and 
measurement procedures. 
 
A1. Measure Lines, Edges and Dot Structure Using BetaFlex3Pro 
 BetaFlex3Pro is an instrument driven by Flex3Pro software. The 
BetaFlex3Pro instrument consists of a camera, camera holder, and bed to hold 
the printed target. Using the camera, images are first captured. The captured 
images are then analyzed to produce the line width, edge smoothness, and dot 
structure metrics described in Step 6.2. 
A1.1. Setup BetaFlex3Pro 
 Initial setup of the instrument for measuring a target consists of the 
following steps: 
1. Plug the camera into the movable arm (camera holder). 
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2. Connect the camera to the computer (not powered on) with Flex3Pro 
software installed. 
3. After connecting, turn the Computer On, so the software can detect the 
Flex3Pro device camera during OS startup. 
4. Launch Flex3Pro software using either the shortcut on the desktop or from 
the list of programs. 
5. Set the light button on camera in the Down position so it illuminates the 
printed target. Confirm camera light illuminates the measurement area. 
6. In the Flex3Pro software, select Print. Confirm the device status on the 
Flex3Pro software window reads “Device is Ready”. 
7. If the camera is connected correctly the software will automatically display 
the live image of the sample under the aperture at the measurement area. 
8. Figure A1 shows the setup of the Flex3Pro instrument and Figure A2 
shows the Flex3Pro software window with Print tab selected. 
 
Figure A1. Setup of the Flex3Pro Device. Adapted from http://www.peret.it/  
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Figure A2. Flex3Pro Software Window with Print Tab. Adapted from 
http://www.peret.it/  
 
After setting up BetaFlex3Pro instrument and software, ensure the device has 
been calibrated per the steps described in the BetaFlex3Pro user manual. Next, 
Zero the device on the target substrate using the following steps procedure. 
(Note. This procedure is performed only once for each substrate). 
1. Select the substrate type as “Plastic Film” from the Plate Type List. 
2. Place the appropriate backing behind the printed target. Now position the 
aperture of the camera above a transparent area of the substrate through 
which the backing paper can be seen. To aid accurate measurement, the 
camera head has a horizontal guide bar with a notch below the aperture.  
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3. Lower the camera head until it is in contact with the measurement surface 
by rotating the black knob on right hand of the camera holder arm.  
4. In the Flex3Pro software click the Zero Icon. Zeroing takes a few seconds 
and the zero reference white point value is stored and automatically 
reloaded when selecting the substrate type. 
5. When the backing paper is changed repeat steps 1 to 4. 
6. When the substrate type is coated paper, select substrate type as “Coated 
Paper” from the Plate Type List and repeat the steps 2 through 4 on the 
coated paper. 
 
A1.2. Measure Line Width and its Edge Smoothness 
Lines in the Line Width Target (unrotated and rotated at 8 and 90 degrees) 
and the Guilloche Pattern are measured to evaluate: 1) Conformance to the 
specified line width, 2) Thinnest consistently printable line widths, 3) Raggedness 
(line boundary smoothness) of lines and 4) Print defects such as plugging and 
filling. The procedure for measuring line widths using BetaFlex3Pro is described 
below. 
A1.2.1. Measure Positive Lines in the Line Width Target. The steps 
involved in measuring positive lines are: 
1. Setup up BetaFlex3Pro device as described in step A1.1, if not already 
done. 
2. Choose the substrate type as “Plastic Film” from the Plate Type List. 
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3. Position the Line Width Target and line to be measured in the 
measurement area located above the notch in the horizontal guide bar of 
the camera aperture and the lines to be measured are oriented vertically. 
4. Lower the camera head until it is in contact with the measurement surface 
by rotating the black knob on right hand of the camera holder arm.  
5. Select the color which is going to be measured.  
6. Click the Preview button to preview a live image of the target. 
7. Click the Line Width Icon. (The cursor will turn yellow to indicate that the 
line width measurement mode is active) 
8. For positive lines, click in the middle of the line. The line width function will 
automatically find the edges of the positive line and fill the corresponding 
space with a yellow tint. A bold yellow line is place perpendicularly across 
the element being measured and the width value will be displayed in 
microns. 
9. Enter the line width value (in microns) in the appropriate columns of the 
database outlined in Appendix C, Part 8, 9, 10, and 11. 
10. Once the measurement is complete, raise the camera head until it locks in 
position by rotating the black knob on right hand of the camera holder arm.  
11. Replace the sample with another one to be measured and repeat the 
above steps to capture data. 
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A1.2.2. Measure negative/reverse lines in the Line Width Target. The 
steps involved in measuring positive lines are given below. 
1. Setup up BetaFlex3Pro device as described in step A1.1, if not already 
done. 
2. Choose the substrate type as “Plastic Film” from the Plate Type List. 
3. Position the Negative Line Width Target and line to be measured in the 
measurement area is located above the notch in the horizontal guide bar 
below the camera aperture. 
4. Lower the camera head until it is in contact with the measurement surface 
by rotating the black knob on right hand of the camera holder arm.  
5. In the Flex3Pro software, select the color of the line that is going to be 
measured.  
6. Click Preview button to preview a live image of the target. 
7. Position the Negative Line Width Target, so the lines to be measured 
oriented vertically in live preview. 
8. Click Capture button to capture the image. 
9. Click the Line Width Icon. (The cursor will turn yellow to indicate that the 
line width measurement mode is active) 
10. Move the cursor to the area left of the negative line. 
11. Press and hold the left mouse button down. 
12. Drag the mouse across the negative line to the area right of the line. 
13. Release the left mouse button.  
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14. The line width function will automatically find the edges of the negative 
line. The area outside the line will be marked with a yellow tint. A bold 
yellow line is place perpendicularly across the element being measured 
and the width value will be displayed in microns. 
15. Enter the line width value (in microns) in the appropriate column of the 
database outlined in Appendix C, Part 8, 9, 10, and 11. 
16. Once the measurement is complete, raise the camera head until it locks in 
position by rotating the black knob on right hand of the camera holder arm.  
17. Replace the sample with another one to be measured and repeat the 
above steps to capture the data. 
A1.2.3. Measure raggedness of rotated positive lines in the Line Width 
Target. The edge factor metric was used to evaluate the line boundary 
smoothness. The steps involved in measuring raggedness of positive lines are 
given below.  
1. Setup up BetaFlex3Pro device as described in step A1.1, if not already 
done. 
2. Choose the substrate type as “Plastic Film” from the Plate Type List. 
3. Position the positive Line Width Target and line to be measured in the 
measurement area located above the notch in the horizontal guide bar 
below the camera aperture. 
4. Lower the camera head until it is in contact with the measurement surface 
by rotating the black knob on right hand of the camera holder arm.  
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5. In the software, select the color of that is going to be measured.  
6. Click Preview button to preview a live image of the target. 
7. Position the positive Line Width Target with the lines to be measured 
oriented vertically in the preview. 
8. Click Capture button to capture the image. 
9. Click Analyze button. 
10. The Flex3Pro software will automatically analyze the image based on the 
metric described in the Step 6.3 and display the following results on the 
screen. 
a. Line Smoothness 
b. Line Thickness Variation 
11. Enter the Edge roughness value (Line Smoothness) in the appropriate 
column of the database outlined in Appendix C, Part 8, 9, 10, and 11. 
12. Once the measurement is complete, raise the camera head until it locks in 
position by rotating the black knob on right hand of the camera holder arm.  
13. Replace the sample with another one to be measured and repeat the 
above steps to capture the data. 
A1.2.4. Measure lines in the Guilloche Pattern for line width consistency. 
Guilloche Line width target were evaluated for consistency of lines. In the 
guilloche pattern, lines will be chosen and the width of lines aligned with and 
perpendicular to the direction of Doctor Blade wiping will be measured. The 
procedure for measuring a Guilloche is described below. 
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1. Setup up BetaFlex3Pro device as mentioned in step A1.1, if not already 
done. 
2. Choose the substrate type as “Plastic Film” from the Plate Type List. 
3. Position the positive guilloche pattern so the area to be measured is 
visible above the notch in the horizontal guide bar below the camera 
aperture. 
4. Lower the camera head until it is in contact with the measurement surface 
by rotating the black knob on right hand of the camera holder arm.  
5. In the software, select the color that is going to be measured.  
6. Click Preview button to preview a live image of the target. 
7. Position the positive Line Width Target with the lines to be measured 
oriented vertically. 
8. Click Capture button to capture the image. 
9. Click the Line Width Icon. (The cursor will turn yellow to indicate that the 
line width measurement mode is active) 
10. Click in the middle of the positive line selected for measurement. 
11. The line width function will automatically find the edges of the positive line 
and fill the corresponding space with a yellow tint. A bold yellow line is 
place perpendicularly across the element being measured and the width 
value will be displayed in microns. 
12. Repeat the steps to measure the lines in the other identified location in the 
sample. 
 163 
13. Enter the line width values (in microns) in the appropriate columns of the 
database outlined in Appendix C, Part 12. 
14. Once the measurement is complete, raise the camera head until it locks in 
position by rotating the black wheel/knob on right hand of the camera 
holder arm.  
15. Replace the sample with another one to be measured and repeat the 
above steps to capture the data. 
A1.3. Measure Dots 
 Dots in the Tone Step Wedge Target (40 percent dots) were measured to 
evaluate: 1) Reproducibility of dots in conformance to specified dot diameter, 2) 
Edge smoothness (edge factor), and 3) Voids in dots (void factor). The procedure 
for measuring dots using the BetaFlex3Pro is described below.  
1. Setup up BetaFlex3Pro device as discussed in step A1.1, if not already done. 
2. Choose the substrate type as “Plastic Film” from the Plate Type List. 
3. Position the 40% percent patch to be measured in the measurement area 
located above the notch in the horizontal guide bar below the camera 
aperture. 
4. Lower the camera head until it is in contact with the measurement surface by 
rotating the black knob on right hand of the camera holder arm.  
5. In the software, select the color to be measured.  
6. Click the Preview button to preview a live image of the target. 
7. Reposition the patch to be measured based on the preview. 
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8. Click Capture button to capture the image. 
9. Click Analyze button. 
10. The Flex3Pro software will automatically analyze the image based on the 
metric mentioned in the Step 6.3 Metrics Used by Instruments to Measure 
Image Features and output the following results on the screen. 
a. Dot area (%) 
b. Dot diameter (µm) 
c. Dot surface area (µm2) 
d. Dot Perimeter 
e. Edge factor 
f. Dot void factor 
11. Enter the dot structure values in the appropriate columns of the database 
outlined Appendix C, Part 4, 5, 6, and 7. 
12. Once the measurement is complete, raise the camera head until it locks in 
position by rotating the black knob on right hand of the camera holder arm.  
13. Replace the sample with another one to be measured and repeat the above 
steps to capture the data. 
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A2. Measure Density using Techkon SpectroDens 
A2.1. Setup Techkon SpectroDens for Density Measurment 
Techkon SpectroDens used for density measurement is shown in Figure A3.  
 
Figure A3. Techkon SpectroDens Device. Adapted from 
http://www.techkonusa.com/wp-content/uploads/2017/04/SpectroDens-Manual-
Web.pdf  
 
Perform the following steps to set the measurement mode to Automatic Density, 
status to ISO E, polarization to None and white reference to Absolute. 
1. Switch on the Techkon SpectroDens by pressing the green measurement 
button. 
2. In the Techkon SpectroDens device display, select the soft key/button at 
the lower left section of the screen using physical up and down arrow 
navigation buttons.  
3. After selecting lower left soft button select the physical Enter button to 
open a popup window with list of measurement function. 
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4. In the list of functions, select “Automatic Density” and press physical Enter 
button. On pressing Enter button the popup window disappears and 
selected function is activated and displayed as “Automatic Density” at the 
lower left of the device display screen and at the lower right of the screen 
soft button “ISO E/POL/PAP” is displayed.  
5. “ISO E/POL/PAP” refers to status ISO E, polarization and Paper white. If 
the lower right soft button displays something else, select the soft button 
and press physical Enter button to open the list of settings. 
6. In the setting, set the Polarizing filter to “Auto” and White Reference to 
“Auto”, so that for the density measurement, the lower right button reads 
“ISO E/POL/PAP” 
 
A2.2. Measure Density  
Relative density is preferred because, it reduces the influences the substrate 
density on the measurement and hence increases the linearity of the ink strength 
and film thickness variation. 
Substrate calibration is done by the calibrating or “Zeroing” the densitometer on 
an unprinted area of the substrate placed on top of either white or black backing 
material. After calibrating the densitometer, measure the appropriate density of 
the 1%, 2%, 3%, 4%, 5%, 10%, 30%, 50%, 75% and 100% patches in the Tone 
Step Wedge target and in Control Strip target. Enter measured density values in 
the appropriate columns of the database outlined in Appendix C, Part 3. 
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Appendix B : 
Qualitative Visual Assessment Protocol 
This appendix describes the protocol for visually assessing image features.  
 
B1. Visually Assess Fine Lines, Minimum Font Sizes, and Dots 
B1.1. Visually Assess Minimum Printable Font Size 
Visually assess Minimum Type Size Targets for legibility, readability, and 
freedom form print defects such as plugging. Perform this assessment for both 
serif and san serif fonts printing in positive and reverse text. Perform the 
assessment for 0.5 point to 6 point fonts and award a rating of Excellent, Good, 
Ok, or Not Ok rating to each analyzed font size. Enter the results of this 
evaluation in the appropriate tabular columns of the database outlined in 
Appendix C, Part 14, and 15. 
B1.2. Visually Assess Line Quality and Reverse Printed Lines 
 Assess positive and negative lines in Lines Width targets and lines in the 
Radiating Concentric Patterns for thinnest printable line and plugging of negative 
lines. After visual evaluation, award a rating of Excellent, Good, Ok, or Not Ok to 
the each line from 0.125 points to 1 point. Enter the results of this evaluation in 
the appropriate columns of the database outlined in Appendix C, Part 17, 18, and 
19. 
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B1.3. Visually Assess Minimum Printable Dot Size 
 Assess the 1%, 2%, 3%, and 4% patches for the existence of printable 
dots. After visual evaluation, award a rating based on the appearance of dots 
printed in each patch. The ratings are Excellent – clear, dark dots; Fair – a mix of 
dark and ghost dots; Poor – a mix of ghost dots and missing dots; Not Printable – 
virtually all dots are missing. Enter the results of this evaluation in the appropriate 
columns of the database outlined in Appendix C, Part 13. 
 
B2. Visually Assess Images 
B2.1 Visually Assess of Smoothness and Defects in Black Gradient  
Evaluate the Black Gradient Target for gradient smoothness based on 
missing dots, doctor blade streaks, Fade to White, and other print defects. After 
visual evaluation, award an overall rating of Excellent, Good, Ok and Not Ok to 
each of the visually analyzed samples. Enter the results of the assessment in the 
appropriate columns of the database outlined in Appendix C, Part 20. 
B2.2 Visually Assess Sharpness, Detail, and Print Defects in ISO Images  
 Evaluate printed ISO Images for the legibility of text, tone smoothness, 
sharpness, image detail, and print defects. After visual evaluation, award a rating 
of Excellent, Good, Ok and Not Ok rating for each image. Enter the assessment 
results in the appropriate columns of the database outlined in Appendix C, Part 
21. 
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Appendix C : 
Measurement Database 
Image quality assessment data will be captured and stored in a flat file database 
created using Microsoft Excel. Figure C1 shows the structure of the database. 
The flat file header has been divided into 21 parts for ease of display. 
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Part 2. Other Variable Settings for the Record and Storage Information 
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Part 3. Measure Density 
Tone Step Wedge 
Density  
1%  2%  3%  4%  5%  10%  30%  50%  75%  100%  
 
 
Part 4. Measure Dot Area  
Tone Step Wedge 
Dot Surface Area (µm2). 
1% Wedge 2% Wedge 3% Wedge 4% Wedge 30% Wedge 
 
 
Part 5. Measure Dot Diameter 
Tone Step Wedge 
Dot Diameter (µm). 
1% Wedge 2% Wedge 3% Wedge 4% Wedge 30% Wedge 
 
 
Part 6. Edge Factor (Dot Boundary Roughness) 
Tone Step Wedge 
Edge Factor (Dot Boundary Roughness Variations) (%) 
1% Wedge 2% Wedge 3% Wedge 4% Wedge 30% Wedge 
 
 
Part 7. Measure Dot Voids / Print Defect 
Tone Step Wedge 
Dot Voids / Defect (White Holes, Blotchiness, Streaking…etc.,)(%) 
1% Wedge 2% Wedge 3% Wedge 4% Wedge 30% Wedge 
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Part 8. Measure Conformance of Line Width (Positive and Negative) 
Line Width Target 
Positive Line Width Conformance 
(in points) 
 
Reverse Line Width Conformance 
(in points) 
1  0.75 0.50  0.25  0.125    1 0.75 0.50 0.25 0.125 
 
Part 9. Measure Conformance of Line Width Target Rotated at 900 
Line Width Target Rotated at 90 Degrees 
Positive Line Width Conformance 
(in points) 
 
Reverse Line Width Conformance 
(in points) 
1  0.75 0.50  0.25  0.125    1 0.75 0.50 0.25 0.125 
 
Part 10. Measure Raggedness of Line Width Target Rotated at 900 
Line Width Target Rotated at 90 Degrees 
Raggedness (Thickness 
Variation) of Positive Line Width 
 
Raggedness (Thickness Variation) 
of Reverse Line Width  
1  0.75 0.50  0.25  0.125    1 0.75 0.50 0.25 0.125 
 
Part 11. Measure Raggedness of Line Width Target Rotated at 80 
Line Width Target Rotated at 8 Degrees 
Raggedness (Thickness 
Variation) of Positive Line Width 
 
Raggedness (Thickness Variation) 
of Reverse Line Width  
1  0.75 0.50  0.25  0.125    1 0.75 0.50 0.25 0.125 
 
Part 12. Measure Line Width of Radiating Concentric Guilloche Patterns 
Radiating Concentric Guilloche Patterns 
Line Width Conformance and Line Width Consistency 
Vertical Line Top 
Vertical Line 
Bottom  
Horizontal Line 
Left 
Horizontal Line 
Right 
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Part 13. Visual Analysis of Tone Step Wedge 
Visual Analysis of Tone Step Wedge  
Consistency (Legibility and Print Defect free) of Printable Minimum Dot Size 
 
1 % wedge 2 % wedge 3 % wedge 4 % wedge 5 % 
wedge 
10 % 
wedge 
R
at
in
g       
 
Part 14. Visual Analysis of Minimum Serif Type Size Target  
 Visual Analysis of Minimum Serif Type Size Target 
 
 Consistency (Readability, Legibility and Print Defect free) of Printable 
Minimum Font Size  
 Positive Minimum Serif Font Size   Reverse Minimum Serif Font Size 
R
at
in
g 6 pt 5 pt 3 pt 1 pt 0.5 pt   6 pt 5 pt 3 pt 1 pt 0.5 pt 
           
           
 
Part 15. Visual Analysis of Minimum San Serif Type Size Target 
 Visual Analysis of Minimum San Serif Type Size Target 
 
 Consistency (Legibility and Print Defect free) of Printable Minimum Font 
Size  
 Positive Minimum San Serif Font 
Size   
Reverse Minimum San Serif Font 
Size 
R
at
in
g 6 pt 5 pt 3 pt 1 pt 0.5 pt   6 pt 5 pt 3 pt 1 pt 0.5 pt 
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Part 16. Visual Analysis of Line Width Target  
Visual Analysis of Line Width Target 
Consistency (Legibility and Print Defect free) of Line Width 
 Positive Line Width Conformance 
(in points) 
 
Reverse Line Width 
Conformance (in points) 
 1  0.75 0.50  0.25  0.125  1 0.75 0.50 0.25 0.125 
R
at
in
g                       
 
Part 17. Visual Analysis of Line Width Target Rotated at 90 Degrees 
Visual Analysis of Line Width Target Rotated at 90 Degrees 
Consistency (Legibility and Print Defect free) of Line Width 
 Positive Line Width Conformance 
(in points) 
 
Reverse Line Width 
Conformance (in points) 
 1  0.75 0.50  0.25  0.125  1 0.75 0.50 0.25 0.125 
R
at
in
g            
 
Part 18. Visual Analysis of Line Width Target Rotated at 8 Degrees 
Visual Analysis of Line Width Target Rotated at 8 Degrees 
Consistency (Legibility and Print Defect free) of Line Width 
 Positive Line Width Conformance 
(in points) 
 
Reverse Line Width 
Conformance (in points) 
 1  0.75 0.50  0.25  0.125  1 0.75 0.50 0.25 0.125 
R
at
in
g            
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Part 19. Visual Analysis Lines of Radiating Concentric Guilloche Patterns 
Visual Analysis of Radiating Concentric Guilloche Patterns 
Line Width Conformance and Line Consistency (Legibility & Print Defect free) 
Over All Locations Rating 
 
Part 20. Visual Analysis of Black Gradient 
Visual Analysis of Black Gradient 
Conformance and Consistency 
Missing 
Dot Banding  
Doctor 
Blade 
Streaks 
Fade to 
White 
Other Print 
Defects 
Overall 
Rating 
 
Part 21. Visual Analysis of ISO Images 
Visual Analysis of ISO Images 
Conformance and Consistency 
Legibility 
Tone 
Smoothness Sharpness 
Image 
Detail Print Defects 
Overall 
Rating 
 
Figure C1. Data Elements Captured During Data Collection. 
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Appendix D : 
Trial One Experiment 
 
Trial One Test Print Conditions  
Process 
Color Print 
Sequence 
Engraving Specifications  
Screen Ruling Screen Angle Angle of Engraving Stylus 
Yellow 140 lpi (55 l/cm)   (45º) 130º 
Magenta 180 lpi (72 l/cm) (30º) Compressed 130º 
Cyan 180 lpi (72 l/cm) (60º) Elongated 130º 
Black 280 lpi (110 l/cm) (45º) 110º 
Engraving 
Method 
Electro-mechanical   
Substrate  White plastic film   
Ink Solvent-based   
Print 
Sample 
Press 
Speed 
200 m/m 
 
 
 
 
 
